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CONSTITUTION   OP  THE  ASSOCIATION.* 


OBJECTS. 


The  Association  sliall  be  called  The  American  Association 

?0R  THE  AdVANCEMEKT   OF  SCIENCE. 

The  objects  of  tlie  Association  are,  by  periodical  and  migra-* 
tory  meetings,  to  promote  intercourse  between  those  who  are 
cultiYatVng  science  in  different  parts  of  the  United  States,  to 
give  a  stronger  and  more  general  impulse  and  a  more  system- 
atic direction  to  scientific  research  in  oiu:  country,  and  to  pro- 
care  for  the  labors  of  scientific  men  increased  facilities  and  a 
wider  usefulness. 

MEMBERS. 

BuLE  1.  Any  person  may  become  a  member  of  the  Asso- 
ciation upon  recommendation  in  writing  by  two  members, 
nomination  by  the  Standing  Committee,  and  election  by  a 
majority  of  the  members  present. 

OFFICERS. 

Rule  2.  The  officers  of  the  Association  shall  be  a  Presi- 
dent, Vice-President,  General  Secretary,  Permanent  Secretary, 
and  Treasurer.  The  President,  Vice-President,  General  Secre- 
tary, and  Treasurer  shall  be  elected  at  each  meeting  for  the 
following  one; — the  three  first  named  officers  not  to  be  re- 
eligible  for  the  next  two  meetings,  and  the  Treasurer  to  be 
reeligible  as  long  as  the  Association  may  desire.  The  Per- 
manent Secretary  shall  be  elected  at  each  second  meeting,  and 
also  be  reeligible  as  long  as  the  Association  may  desire. 

•Adopted  August  26, 18S6,  and  ordered  to  go  into  effect  at  the  opening  of  the 
Montreal  Meeting*  Amended  at  Burlington,  August,  1867,  and  at  Chicago,  August, 
186B. 

(ii) 


XU  CONSTITUTION 

MEETINOS. 

Rule  8.  The  Association  shall  me^f;,  at  such  intervals  as  it 
may  determine,  for  one  week,  or  longer, — the  time  and  place 
of  each  meeting  being  determined  by  a  vote  of  the  Association 
at  the  previous  meeting ;  and  the  arrangements  for  it  shall  be 
intrusted  to  the  officers  and  the  Local  Committee. 

STANDING  COMMITTEE. 

Rule  4.  There  shall  be  a  Standing  Committee,  to  consist 
of  the  President,  Vice-President,  Secretaries,  and  Treasurer  of 
the  Association,  the  officers  of  the  preceding  year,  the  perma- 
nent Chacrman  of  the  Sectional  Committees,  after  these  shall 
have  been  organized,  and  six  members  present  from  the  Asso- 
-  ciation  at  large,  who  shall  have  attended  any  of  the  previous 
meetings,  tc^be  elected  upon  open  nomination  by  ballot  on  the 
first  assembling  of  the  Association.  A  majority  of  the  whole 
number  of  votes  cast,  to  elect.  The  General  Secretary  shall 
be  Secretary  of  the  Standing  Committee. 

The  duties  of  the  Standing  Committee  shall  be, — 

1.  To  assign  papers  to  the  respective  sections. 

2.  To  arrange  the  scientific  business  of  the  general  meet- 
ings, to  suggest  topics,  and  arrange  the  programmes  for  the 
evening  meetings. 

3.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific  re- 
ports and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the 
next  meeting. 

9.  Li  conjunction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of 
officers  of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions, 
or  other  proceedings  shall  be  published. 
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SSOTIOKS. 

Bulk  5.  The  Aasociatioii  shall  be  divided  into  two  Sections, 
and  as  many  sub-sections  as  may  be  necessary  for  the  scientific 
bnoness,  the  manner  of  division  to  be  determined  by  the 
Standing  Committee  of  the  Association.  The  two  Sections 
may  meet  as  one. 

SCCTIONAL   OFFICERS   AKD    OOMIOTTEBS. 

Rule  6.  On  the  first  assembling  of  the  Section,  the  mem- 
bers shall  elect  upon  open  nomination  a  permanent  Chairman 
and  Secretary,  also  three  other  members,  to  constitute,  with 
these  officers,  a  Sectional  Committee. 

The  Section  shaU  appoint,  from  day  to  day,  a  Chairman  to 
preside  over  its  meetings. 

RuLB  7.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their  Sec- 
tion ;  to  ascertain  what  conmiunications  are  offered  ;  to  assign 
^e  order  in  which  these  communications  shall  appear,  and  the 
amount  of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  subjects 
for  systematic  investigation  by  members  willing  to  undertake 
the  researches,  and  to  present  their  results  at  the  next  meeting. 

The  Sectional  Committee  may  likewise  recommend  reports 
on  particular  topics  and  departments  of  science,  to  be  drawn 
up  as  occasion  permits,  by  competent  persons,  and  presented 
at  subsequent  meetings. 

BEFOBTS  OF  FBOOEEDINGS. 

BuLE  8.  Whenever  practicable  the  proceedings  shall  be  re- 
ported by  professional  reporters,  or  stenographers,  whose 
reports  are  to  be  revised  by  the  Secretaries  before  they  appear 
in  print. 

PAFEBS  AND  COMMUNICATIONS. 

Ruut  9.  No  paper  shall  be  placed  in  the  programme,  unless 

admitted  by  the  Sectional  Committee ;  nor  shall  any  be  read, 

.  unless  an  abstract  of  it  has  been  previously  presented  to  the 

Secretary  of  the  Section,  who  shall  ftimish  to  the  Chairman 

the  titles  of  papers,  of  which  abstracts  have  been  received. 


XIV  CONSTITUTION 

Rule  10.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided 
he  declares  such  to  be  his  wish  before  presenting  it  to  the 
Association. 

Rule  11.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  flirnished  by 
the  authors ;  otherwise  only  the  titles,  or  abstracts,  shall  ap- 
pear in  the  published  proceedings. 

Rule  12.  All  papers,  either  at  the  general  or  in  the  sec- 
tional meetings,  shall  be  read,  as  far  as  practicable,  in  the 
order  in  which  they  are  entered  upon  the  books  of  the  Associa- 
tion ;  expect  that  those  which  may  be  entered  by  a  member  of 
the  Standing  Committee  of  the  Association  shall  be  liable  to 
postponement  by  the  proper  Sectional  Committee. 

Rule  13.  If  any  communication  be  not  ready  at  the  as- 
signed time,  it  shatt  be  dropped  to  the  bottom  of  the  list,  and 
shall  not  be  entitled  to  take  precedence  of  any  subsequent 
communication. 

Rule  14.  No  exchanges  shall  be  made  between  members 
without  authority  of  the  respective  Sectional  Committees. 

general  and  evening  meetings. 

Rule  15.  The  Standing  Committee  shall  appoint  any  gen- 
eral meeting  which  the  objects  and  interests  of  the  Association 
may  call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for 
general  meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  pur- 
pose, give  their  attention  to^any  topics  of  science  which  would 
otherwise  come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ; 
to  hear  such  reports  on  scientific  subjects  as,  frdm  their  general 
importance  and  interests,  the  Standing  Committee  shall  select ; 
also  to  receive  from  the  Chairman  of  the  Sections,  abstracts  of 
the  proceedings  of  their  respective  Sections ;  and  to  listen  to 
communications  and  lectures  explanatory  of  new  and  import- 
ant discoveries  and  researches  in  science,  and  new  inventions 
and  processes  in  the  arts. 
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ORDEB  OF   PROCEEDINGS   IN    ORGANIZING   A  MEETING. 

BuLE  16.  Tbe  Association  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting ;  and  this  officer  having 
resigned  the  chair  to  the  President  elect,  the  General  Secretary 
shall  then  report  the  namber  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  Association  consider 
the  most  eligible  distribution  into  Sections,  when  it  shall  pro- 
ceed to  the  election  of  the  additional  members  of  the  Standing 
Committee  in  the  manner  before  described ;  the  meeting  shall 
then  adjonrn,  and  the  Standing  Committee,  having  divided  the 
Association  into  sections  as  directed,  shall  allot  to  each  its 
place  of  meeting  for  the  Session.  The  Sections  shall  then 
organize  by  electing  their  officers  and  their  representatives  in 
the  Nominating  ^Committee,  and  shall  proceed  to  business. 

PERMANENT   SECRETART. 

Rule  17.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationary  and  suitable  books  for  the  list  of  members  and  titles 
of  papers,  minutes  of  the  general  and  sectional  meetings,  and 
for  other  purposes  indicated  in  the  rules,  and  to  execute  such 
other  duties  as  may  be  directed  by  the  Standing  Committee  or 
by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  the 
Association,  of  the  business  of  which  he  has  had  charge  since 
its  last  meeting.  ^ 

All  iflembers  are  particularly  desired  to  forward  to  the  Per- 
manent Secretary,  so  as  to  be  received  before  the  day  appointed 
for  the  Association  to  convene,  complete  titles  of  all  the  papers 
which  they  expect  to  present  during  its  meeting,  with  an  esti- 
mate of  the  time  required  for  reading  each,  and  such  abstracts 
of  their  contents  as  may  give  a  general  idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  proceedings  of  the 
Association,  he  is  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  subcommittee  of  the  Standing  Committee  for 
(^rrection. 
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LOCAL  COl 

RxTLE  18.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at,  or  near,  the  place  of  meeting  for 
the  ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Com- 
mittetB,  assisted  by  the  officers,  to  make  arrangements  and  the 
necessary  announcements  for  the  meeting. 

The  Secretary  of  the*Local  Committee  shall  issue  a  circular 
in  regard  to  the  time  and  place  of  meetings,  and  other  particu- 
lars, at  least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

EuLE  19.  The  amount  of  the  subscription,  at  each  meeting, 
of  each  member  of  the  Association,  shall  be  two  dollars,  and 
one  dollar  in  addition  shall  entitle  him  to  a  t^opy  of  the  pro- 
ceedings of  the  annual  meeting.  These  subscriptions  shall  be 
received  by  the  Permanent  Secretary,  who  shall  pay  them  over, 
after  the  meeting,  to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars,  in 
addition  to  the  annual  subscription:  and  no  person  sihall  be 
considered  a  member  of  the  Association  until  this  admission 
fee  and  the  subscription  for  the  meeting  at  which  he  is  elected 
have  been  paid. 

Rule  20.  The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  bQ  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least 
three  months,  shall  have  been  previously  given. 

ACCOUNTS. 

EuLE  21.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF  THE  CONSTITUTION. 

EuLE  22.  No  article  of  this  constitution  shall  be  altered,  or 
amended,  or  set  aside,  without  the  concurrence  of  three-fourths 
of  the  members  present,  and  unless  notice  of  the  proposed 
change  shall  have  been  given  at  the  preceding  annual  meeting. 
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1.  'No  appointment  may  be  made  in  behalf  of  the  Associa- 
tion,  and  no  invitation  given  or  accepted,  except  by  vote  of  the 
Aaaociation  or  its  Standing  Conunittee. 

2.  The  Greneral  Secretary  shall  transmit  to  the  Permanent 
Secretary  for  the  files,  within  two  weeks  after  the  adjournment 
of  every  meeting,  a  record  of  the  proceedings  of  the  Associa- 
Uon  and  the  votes  of  the  Standing  Committee.  He  shall  also, 
daily,  daring  the  meetings,  provide  the  Chairman  of  the  two 
Sectional  Committees  with  lists  of  the  papers  assigned  to  their 
Sections  by  the  Standing  Committee. 

3.  All  printing  for  the  Association  shall  be  superintended 
by  the  Permanent  Secretary,  who  Is  authorized  to  employ  a 
derk  for  that  especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  pro- 
ceedings of  the  meetings  to  press  one  month  after  the  adjourn- 
ment of  the  Association.  Papers  which  have  not  been  received 
at  that  time  may  be  published  only  by  title.  No  notice  of 
articles  not  approved  shall  be  taken  in  the  published  proceed- 
ings. 

5.  The  Permanent  Chairmen  of  the  Sections  are  to  be  con- 
sidered their  organs  of  communication  with  the  Standing  Com- 
mittee. 

6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections 
to  receive  copies  of  the  papers  read  in  their  Sections,  all  sub- 
sections included,  and^to  ftimish  them  to  the  Permanent 
Secretary  at  the  close  of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  than  9 
JLM.  daily,  daring  the  meetings  of  the  Association,  to  arrange 
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the  programmes  of  their  respective  sections,  including  all  sub- 
sections, for  the  following  day.  No  paper  shall  be  placed  upon 
these  programmes  which  shall  not  have  been  assigned  to  the 
Section  by  the  Standing  Committee.  The  programmes  are  to 
be  furnished  to  the  Permanent  Secretary  not  later  tlian  11  a.k. 

8.  During  the  meetings  of  the  Association,  the  Standing 
Committee  shall  meet  daily,  Sundays  excepted,  at  9  a.k.,  and 
the  Sections  be  called  to  order  at  10  a.k.,  unless  otherwise 
ordered.  The  Standing  Committee  shall  also  meet  on  the 
evening  preceding  the  first  assembling  of  the  Association  at 
each  annual  meeting,  to  arrange  for  the  business  of  the  first 
day ;  %nd  on  this  occasion  three  shall  form  a  quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or 
three  years  as  they  shall  choose  at  the  time  of  admission, — to 
be  elected  in  the  same  way  as  permanent  members,  and  to  pay 
the  same  dues.  They  shall  have  all  the  social  and  scientific 
privileges  of  members,  without  taking  part  in  the  business. 

10.  No  member  may  tak^  part  in  the  organization' and  busi* 
ness  arrangement  of  both  the  Sections. 
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Abbe,  Cleyeland,  Cincinnati,  Ohio  (16). 
*  Adams,  C.  B.,  Amherst,  Massachufietts  (1). 

Adelberg,  Jostns,  New  York,  New  York  (15). 

Aiken,  W.  £.  A.,  Baltimore,  Maryland  (12). 

Ainsworth,  J.  G.,  Barry,  Massachusetts  (14). 

Albert,  Angostns  J.,  Baltimore,  Maryland  (12). 

Alexander,  Stephen,  Princeton,  New  Jersey  (1). 

Allen,  Zachariah,  ProYldence,  Rhode  Island  (1). 
^Ames,  H.  P.,  Springfield,  Massachusetts  (1). 

Andrews,  £.  B.,  Marietta,  Ohio  (7). 

Angell,  James  B.,  Bnrlington,  Vermont  (16). 
^Appleton,  Nathan,  Boston,  Massachusetts  (1). 

B. 
^Bache,  Alexander  D.,  Washington,  District  of  Columbia  (1). 

Bacon,  John,  Jr.,  Boston,  Massachusetts  (1). 
^BaUey,  J.  W.,  West  Point,  New  York  (1). 

Baird,  8.  F.,  Washington,  District  of  Columbia  (1). 
'  Bardwell,  F.  W.,  Jacksonyille,  Florida  (13). 

Barker,  Q.  F.,  New  Haven,  Connecticut  (18). 

Bariow,  Thomas,  Canastota,  New  York  (7). 

Barnard,  F.  A.  P.,  New  York,  New  York  (7). 

^amard,  Henry,  Madison,  Wisconsin  (12). 

Barnard,  J.  G.,  Washington,  District  of  Columbia  (14). 

Barnes,  James,  Springfield,  Massachusetts  (6). 

HoiB.~Naiiiea  of  deceased  members  are  marked  with  an  asterisk  [*].  Tlie 
Isvs  St  tlie  end  ^  each  name  reHors  to  the  meeting  at  which  the  election  took 
plsoe. 
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Barratty  Joseph,  liiddletown,  Connecticnt  (18). 

Basnett,  Thomas,  Ottawa,  Illinois  (8). 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  (8). 

Beadle,  £.  B.,  Hartford,  Connnectlcnt  (10). 
^Beck,  C.  F.,  Philadelphia,  Pennsylyanla  (1). 
♦Beck,  Lewis  C,  New  Brunswick,  New  Jersey  (1). 
*Beck,  T,  Romeyn,  Albany,  New  York  (1). 

Bell,  Samuel  N.,  Manchester,  New  Hampshire  (7). 

Benedict,  G.  W.,  Burlington,  Vermont  (16). 

Blgelow,  George  H.,  Burlington,  Vermont  (16). 
♦Binney,  Amos,  Boston,  Massachusetts  (1). 
♦Binney,  John,  Boston,  Massachusetts  (3). 

Bird,  William  A.,  Buffalo,  New  York  (16). 

Blake,  £U  W.,  Ithaca,  New  York  (15). 

Blake,  Eli  W.,  New  Haven,  Connecticut  (1). 

Blake,  W.  P.,  San  Francisco,  California  (2). 
*Blanding,  William,  Rhode  Island  (1). 

Blaney,  J.  Van  Zandt,  Chicago,  Illinois  (12). 
♦Bomford,  George,  Washington,  District  of  Columbia  (1). 

BouY^,  Thomas  T.,  Boston,  Massachusetts  (1). 

Bowditch,  Henry  I.,  Boston,  Massachusetts  (2). 

Bradford,  Isaac,  Jacksonville,  Florida  (14). 

Bradish,  Alvah,  Fredonia,  New  York  (15). 

Bradley,  L.,  Jersey  City,  New  Jersey  (16). 

Brayley,  James,  BuiKilo,  New  York  (15). 

Brevoort,  J.  Carson,  Brooklyn,  New  York  (1). 

Briggs,  A.  D.,  Springfield,  Massachusetts  (18). 

Bross,  William,  Chicago,  Illinois  (7). 

Brown,  Bobert,  Jr.,  Cincinnati,  Ohio  (11). 

Brush,  George  J.,  New  Haven,  Connecticnt  (11). 

Buchanan,  Bobert,  Cincinnati,  Ohio  (2). 

Buck,  C.  B.,  New  York,  New  York  (16). 

*  Bumap,  G.  W.,  Baltimore,  Maryland  (12). 
♦Burnett,  Waldo  I.,  Boston,  Massachusetts  (1). 

Bushee,  James,  Worcester,  Massachusetts  (9). 
Butler,  Thomas  B.,  Norwalk,  Connecticut  (10). 

c. 

•  Carpenter,  Thornton,  Camden,  South  Carolina  (7). 

♦  Carpenter,  William  M.,  New  Orleans,  Louisiana  (1). 
Case,  Leonard,  Cleveland,  Ohio  (16). 

•  Case,  William,  Qcveland,  Ohio  (6). 
Cassels,  J.  L.,  Cleveland,  Ohio  (7). 
Caswell,  Alexis,  Providence,  Rhode  Island  (2). 
Cattell,  William  C,  Easton,  Pennsylvania  (16). 
Chadboum,  P.  A.,  Madison,  Wisconsin  (10). 
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GiApiii,  A.  Ij.,  Belolt,  Wisconsin  (14). 
^  Chapman,  N.,  FhHadelpMa,  Fennsylyania  (1). 
Chase,  Georg«  L.,  Proyidence,  Rhode  Island  (1). 
•  Chase,  8.,  I>artmoath,  New  ELampshire  (2). 
ChaaTenet^  William,  St.  Lonis,  Missouri  (1). 

ChesbTongh,  S.  S.,  Chicago,  Illinois  (2). 

Chester,  Albert  H.,  New  York,^ew  York  (15). 

Chester,  Albert  T.,  BnfflJo,  New  York  (15). 

Chittenden,  I*.  E.,  New  York,  New  York  (14). 

Churchill,  Marlborough,  Sing  Sing,  New  York  (18). 

Clapp,  Almon  M.,  Bnfflilo,  New  York  (15). 

*  Clapp,  Asahel,  New  Albany,  Indiana  (1). 

*  Clark,  Joseph,  Cincinnati,  Ohio  (5). 

Clark,  Henry,  Worcester,  Massachusetts  (14). 
Cleareland,  C.  H.,  Cincinnati,  Ohio  (9). 

*  CleTeland,  A.  B.,  Cambridge,  Massachnsetts  (2). 
GUnton,  Qeozge  W.,  Bnflhlo,  New  York  (15). 
Clam,  Heniy  A.,  New  York,^ew  York  (9). 
CoaUey,  George  W.,  New  York,  New  York  (5). 
Cochran,  D.  H.,  Brooklyn,  New  York  (15). 
Coffin,  C.  C,  Maiden,  Massachusetts  (18). 
Coffin,  James  H.,  Easton,  PennsylTania  (1). 

CofflbD,  John  H.  C,  Washington,  District  of  Colombia  (1). 
*Cole,  Thomas,  Salem,  Massachusetts  (1). 

*  Coleman,  Heniy,  Boston,  Massachusetts  (1). 
Comstock,  C.  B.,  West  Point,  New  York  (14). 
Conant,  Marshall,  Washington,  District  of  Columbia  (7). 
Conkling,  Prederick  A.,  New  York,  New^York  (11). 
Conway,  M.  D.,  Cincinnati,  Ohio  (14). 

Copes,  Joseph  S.,  New  Orleans,  Louisiana  (11). 
Coming,  Erastus,  Albany,  New  York  (6). 
Craig,  B.  P.,  Washington,  Diifrict  of  Columbia  (15). 
Crunp,  J.  M.,  Acadia  College,  Nova  Scotia  (11). 
Credner,  Herman,  New  York,  New  York  (15). 
Crosby,  Alpheus,  Salem,  Massachusetts  (10). 
Commiogs,  Joseph,  Middletown,  Connecticut  (18). 

D. 

Daliymple,  E.  A.,  Baltimore,  Maryland  (11). 
Dana,  James  D.,  New  Hayen,  Connecticut  (1). 
Danforth,  Edward,  Troy,  New  York  (11). 
DaYis,  James,  Boston,  Massachusetts  <1). 
Dawson,  J.  W.,  Montreal,  Canada  (10). 
Dean,  Amos,  Albany,  New  York  (6). 
Dean,  George  W.,  PaU  Biyer,  Massachusetts  (15). 
^Dearborn,  George  H.  A..  8.,  Boxbury,  Massachusetts  (1). 
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*  Dekay,  James  E.,  New  Tork,  New  Tork  (1). 
Delano,  B.  L.,  Boston,  Massachusetts  (16). 
Delano,  Joseph  C,  New  Bedford,  Massachusetts  (6). 
Denson,  Claudius  B.,  Pittsborough,  North  Carolina  (12). 

*  Dewey,  Chester,  Rochester,  New  York  (1). 
Dexter,  G.  M.,  Boston,  Massachusetts  (11). 

Dinwiddle,  Robert,  118  Wate^St.,  New  York  City,  New  York  (I). 

Dixwell,  Eps  8.,  Cambridge,  Massachusetts  (1). 

Dobbins,  David  P.,  Buflklo,  New  York  (16). 

Dorr,  E.  P.,  Buflklo,  New  York  (15). 

Dow,  George  W.,  Chicago,  Illinois  (18). 

Downes,  John,  Washington,  District  of  Columbia  (10). 

Drowne,  Charles,  Troy,  New  York  (6). 
^Ducatel,  J.  T.,  Baltimore,  Maryland  (1). 

Duffield,  George,  Detroit,  Michigan  (10). 
^Dumont,  A.  H.,  Newport,  Rhode  Island  (14). 

*  Duncan,  Lucius  C,  New  Orleans,  Louisiana  (10). 
*Dunn,  B.  P.,  Providence,  Rhode  ^land  (14). 

Dunn,  T.  C,  Newport,  Rhode  Island  (14). 
Dyer,  Elishu,  Providence,  Rhode  Island  (9). 

E. 

Easton,  Norman,  Fall  River,  Massachusetts  (14). 
Eaton,  Daniel  C,  New  Haven,  Connecticut  (18). 
Eliot,  Charles  W.,  Boston,  Massachusetts  (14). 
Elliott,  Ezekiel  B.,  Boston,  Massachusetts  (10). 
Elwyn,  AlA:ed  L.,  Philadelphia,  Pennsylvania(l). 
Emerson,  George  B.,  Boston,  Massachusetts  (1). 
Engelmann,  George,  St.  Louis,  Missouri  (1). 
Engstrom,  A.  B.,  Burlington,  New  Jersey  (1). 
Eustis,  Henry  L.,  Cambridge,  Massachusetts  (2). 
Evans,  Charles  W.,  Bufialo,  N«ir  York  (15). 

*  Everett,  Edward,  Boston,  Massachusetts  (2). 
Everett,  J.  D.,  Windsor,  Nova  Scotia  (14). 
Ewlng,  Thomas,  Lancaster,  Ohio  (5). 

F. 

Fairbanks,  Henry,  Hanover,  New  Hampshire  (14). 
Famham,  Thomas,  Buffalo,  New  York  (15). 
Ferrell,  William,  Nashville,  Tennessee  (11). 
Ferris,  Isaac,  New  York,  New  York  (6). 
Feuchtwanger,  Louis,  New  York,  New  York  (11). 
Field,  Roswell,  Greenfield,  Massachusetts  (18). 
FiUmore,  Millard,  BuffiUo,  New  York  (7). 
Fisher,  Mark,  Trenton,  New  Jersey  (10), 

*  Fitch,  Alexander,  Hartford,  Connecticut  (1). 
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Pitch,  Edward  IB.,  Ashtabula,  Ohio  (11). 
Tltch,  O.  H.»  Aslitabula,  Ohio  (7). 
*¥oTbiish,  S.  B.,  BuflUo,  New  York  (15). 
Force,  Peter,  ^Vashington,  District  of  Colambia  (4). 

Posgate,  Blancbard,  Aabam,  New  York  (7). 

foster,  J.  ^W.,  Chicago,  Illinois  (1). 
*Pox,  Charles,  Grosse  Isle,  Michigan  (7). 

Prothingham,  Frederick,  BoflUo,  New  York  (11). 

o. 

Gay,  C.  C.  F-,  BnflUo,  New  York  (16). 
^Gay,  Martin,  Boston,  Massachusetts  (1). 
Gibbes,  L.  R.,  Charleston,  South  Carolina  (1). 
Gibbon,  J.  H.,  Charlotte,  North  Carolina  (8). 
Gibhs,  Walcott,  Cambridge,  Massachusetts  (1). 

*  Gillespie,  W.  M.,  Schenectady,  New  York  (10). 
Ginmore,  Q.  A.,  Jr.,  New  York,  New  York  (18). 
Gilman,  Daniel  C,  New  Hayen,  Connecticut  (10). 

^GilmoT,  Robert,  Baltimore,  Maryland  (1). 
Glynn,  James,  Geneya,  New  York  (1). 
Gold,  Theodore  8.,  West  Cornwall,  Connecticut  (4). 
Goodwin,  William  F.,  Richmond,  Virginia  (10). 

*  Gould,  Augustus  A.,  Boston,  Massachusetts  (11). 

*  Gould,  B.  A.,  Boston,  Massachusetts  (2). 
Gould,  B.  A.,  Cambridge,  Massachusetts  (2). 

^Graham,  James  D.,  Washington,  District  of  Columbia  (1). 

Gray,  Asa,  Cambridge,  Massachusetts  (1). 
^  Gray,  James  H.,  Springfield,  Massachusetts  (6). 

Green,  TraiU,  Easton,  Pennsylyanla  (1). 

*  Greene,  Benjamin  D.,  Boston,  Massachusetts  (1). 
Greene,  Samuel,  Woonsocket,  Rhode  Island  (9). 

*  Griffith,  Robert  B.,  Philadelphia,  Pennsylyanla  (1). 
Grinnan,  A.  G.,  Orange  Court  House,  Virginia  (7). 
Gipte,  Augustus  R.,  BuilUo,  New  York  (15). 
Gnyot,  Arnold,  Princeton,  New  Jersey  (1). 

H. 

•Hackley,  Charles  W.,  New  York,  New  York  (4). 
Hadley,  George,  Buflhlo,  New  York  (6).  * 

Haldeman,  S.  S.,  Columbia,  Pennsylyanla  (1). 
•  ^Hale,  Enoch,  Boston,  Massachusetts  (1). 
HaU,  James,  Albany,  New  York  (1). 
Hall,  N.  K.,  Buflklo,  New  York  (7). 
Hamlin,  A.  C,  Bangor,  Maine  (10). 
Hammond,  George  T.,  Newport,  Rhode  Island  (14). 
Hance»  Ebenezer,  Morrisyllle,  Pennsylyanla  (7^. 


aody  IfEKBKBfl  OF 

Hand,  Thomas  J.,  Baltimore,  Maryland  (12).* 
Hanover,  M.  D.,  Cincinnati,  Ohio  (18). 
*Hare,  Bobert,  Philadelphia,  Pennsjlyanla  (11). 

*  Harlan,  Joseph  G.,  Haverford,  Pennsylvania  (8). 

*  Harlan,  Richard,  Philadelphia,  Pennsylvania  (1). 
Barman,  Henry  M.,  Baltimore,  Maryland  (12). 

*  Harris,  Thaddeus  W.,  Cambridge,  Massachusetts  (!)• 
Harrison,  B.  P.,  Wallingford,  Connecticut  (11). 

*  Hart,  Simeon,  Parmington,  Connecticut  (1). 
Hartshome,  Henry,  Fhiladelpliia,  Pennsylvania  (12). 
Harvey,  Charles  W.,  Buffldo,  New  York  (16). 
Harvey,  Leon  P.,  Buffldo,  New  York  (16). 

Haven,  Samuel  P.,  Worcester,  Massachusetts  (9). 
*Hayden,  H.  H.,  Baltimore,  Maryland  (1). 
Hayes,  George  £.,  BufKklo,  New  York  (15). 

*  Hay  ward,  James,  Boston,  Massachusetts  (1). 
Henry,  Joseph,  Washington,  District  of  Columbia  (1). 
Herzer,  W.,  Columbus,  Ohio  (ip). 

Hickok,  M.  J.,  Scranton,  Pennsylvania  (11). 

Hickok,  W.  C,  Burlington,  Vermont  (16). 

Hilgard,  Eugene  W.,  Oxford,  Mississippi  (11). 

Hilgard,  Julius  £.,  Washington,  District  of  Columbia  (4). 

Hill,  S.  W.,  Hancock,  Lake  Superior  (6). 

Hill,  Thomas,  Waltham,  Massachusetts  (8). 

Hitchcock,  Charles  H.,  Hanover,  New  Hampshire  (11). 

*  Hitchcock,  Edward,  Amherst,  Massachusetts  (1). 
Hitchcock,  Edward,  Amherst,  Massachusetts  (4). 
Hoadley,  E.  S.,  Springfield,  Massachusetts  (18). 
Homes,  Henry  A.,  Albany,  New  York  (11). 
Horsford,  E.  N.,  Cambridge,  Massachusetts  (1). 

•Horton,  William,  Craigville,  Orange  Co.,  New  York  (1). 

Hough,  Pranklin  B.,  Lowville,  New  York  (4). 
^  Hough,  G.  W.,  Albany,  New  York  (16). 
"•Houghton,  Doughis,  Detroit,  Michigan  (1). 
•Howland,  Theodore,  Buffolo,  New  York  (16). 

Howell,  Robert,  Nichols,  New  York  (6). 

Hubbard,  Oliver  P.,  Hanover,  New  Hampshire  (1). 
•Hubbert,  Junes,  Richmond,  Province  of  Quebec  (16). 

Hungerfor^  Edward,  Burlington,  Vermont  (10). 

*  Hunt,  Preeman,  New  York,  New  York  (11). 
Hunt,  George,  Providence,  Rhode  Island  (9). 

•Hunt,  E.  B.,  Washington,  District  of  Columbia  (2). 
Hunt,  Steny,  Montreal,  Canada  (1). 
Hyatt,  James,  Bangall,  New  York  (10). 

I. 

*  Ives,  Thomas  P.,  Providence,  Rhode  Island  (10). 
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J. 

Jackson,  Charles  T.,  Boston,  Massachusetts  (1). 

JIDson,  B.  C,  Nashville,  Tennessee  (14). 
*  Johnson,  W.  R.,  Washington,  District  of  Columbia  (1). 

Johnston,  John,  Middletown,  Connecticut  (1). 
^  Jones,  Catesby  A.  R.,  Washington,  District  of  Columbia  (8). 

Joy,  C.  A.,  New  York,  New  York  (8). 

Judd,  Orange,  New  York,  New  York  (4). 

K. 

Keely,  G.  W.,  WatervUIe,  Maine  (1). 
Keep,  N.  C,  Boston,  Massachusetts  (13). 
Kerr,  W.  C,  Raleigh,  North  Carolina  (10). 
KhnbaU,  J.  P.,  New  York,  New  York  (16). 
King,  Mary  B.  A.,  Rochester,  New  York  (16). 
Kirkpatrick,  James  A.,  Philadelphia,  Pennsylvania  (7). 
Kiikwood,  Daniel,  Canonsburg,  Pennsylvania  (7). 
Kite,  Thomas,  Cincinnati,  Ohto  (6). 

L. 

Lapham,  Increase  A.,  Milwaukee,  Wisconsin  (8). 
*Lasel,  Edward,  Williamstown,  Massachusetts  (1). 

Lattimore,  8.  A.,  Lima,  New  York  (16). 

Lauderdale,  John  V.,  Qeneseo,  New  York  (10), 

Lawrence,  George  N.,  New  York,  New  York  (7). 

Lea,  Isaac,  Philadelphia,  Pennsylvania  (1). 

leConte,  John,  Columbia,  South  Carolina  (3). 

LeConte,  John  L.,  Philadelphia,  Pennsylvania  (1). 

LeConte,  Joseph,  Columbia,  South  Carolina  (8). 
•Lederer,  Baron  von,  Washington,  District  of  Columbia  (1). 

Lee,  John  R.,  Bufl^o,  New  York  (16). 

Leonard,  A.  M.,  Lockport,  New  York  (16). 

Lesley,  Joseph,  Jr.,  Philadelphia,  Pennsylvania  (8). 

Lesley,  J.  P.,  Philadelphia,  Pennsylvania  (2). 

Letchworth,  WilUam  P.,  Portage,  New  York  (16). 
^Lieber,  Oscar  M.,  Columbia,.  South  Carolina  (8). 
*Lincklaen,  Ledyard,  Cazenovia,  New  York  (1). 

Lindsley,  J.  B.,  Nashville,  Tennessee  (1). 
•Linsley,  James  H.,  Stafford,  Connecticut  (1). 

Little,  George,  Oxford,  Mississippi  (16). 

Litton,  A.,  St.  Louis,  Missouri  (12). 

Locke,  Joseph  M.,  Cincinnati,  Ohio  (13). 

Locke,  Luther  P.,  Nashua,  New  Hampshire  (7). 

Logan,  William  E.,  Montreal,  Canada  (1). 

Loomis,  Eliast  New  Haven,  Connecticut  (1). 

Loomis,  I-.  C,  Wheelhig,  West  Vlrghda  (9). 
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Loomis,  Silas  L.,  Washington,  District  of  Columbia  (7). 
Loosey,  Charles  F.,  New  York,  New  York  (12). 
Lord,  John,  Stamford,  Connecticnt  (13). 
Lothrop,  Joshua  R.,  Buffalo,  New  York  (15). 
Lovering,  Joseph,  Cambridge,  Massachusetts  (2). 
Lunn,  William,  Montreal,  Canada  (11). 
Lyman,  B.  S.,  Philadelphia,  Pennsylvania  (16). 
Lyman,  Chester  S.,  New  Haven,  Connecticut  (4). 
Lynch,  P."N.,  Charleston,  South  Carolina  (2). 

M. 

Mahan,  D.  H.,  West  Point,  New  York  (9). 
Marcy,  Oliver,  Evans  ton,  Illinois  (10). 
Marissal,  F.  Y.,  Fall  River,  Massachusetts  (14). 

*  Marsh,  Dexter,  Greenfield,  Massachusetts  (1). 
Marsh,  O.  C,  New  Haven,  Connecticut  (15). 
Marshall,  Charles  D.,  Bufflsilo,  New  York  (15). 
Marshall,  Orasmus  H.,  Buflklo,  New  York  (15). 

♦Mather,  William  W.,  Columbus,  Ohio  (1). 
Mauran,  J.,  Providence,  Rhode  Island  (2). 
Mayhew,  D.  P.,  YpsUanti,  Michigan  (IS). 
Maynard,  Alleyne,  Cleveland,  Ohio  (7). 
M'Conihe,  Isaac,  Troy,  New  York  (4). 
McRae,  John,  Camden,  South  Carolina  (3). 
Meade,  George  G.,  Philadelphia,  Pennsylvania  (15). 
Means,  A.,  Oxford,  Georgia  (5). 
Meek,  F.  B.,  Washington,  District  of  Columbia  (6). 
Meigs,  James  A.,  Philadelphia,  Pennsylvania  (12). 
Miles,  Henry  H.,  Quebec,  Canada  East  (11). 
Miller,  Samuel,  New  Haven,  Connecticut  (14). 
Minlfle,  WilUam,  Baltimore,  Maryland  (12). 
Mitchell,  Maria,  Poughkeepsie,  New  York  (4). 
Morgan,  DeWitt  C,  Baltimore,  Maryland  (14). 
Morgan,  Lewis  H.,  Rochester,  New  York  (10). 
Morris,  D.,  Ellingham,  Connecticut  (14). 
Morris,  John  G.,  Baltimore,  Maryland  (12). 
Morris,  J.  R.,  Houston,  Texas  (11). 

♦  Morton,  S.  G.,  Philadelphia,  Pennsylvania  (1). 
Munroe,  Nathan,  Bradford,  Massachusetts  (6). 
Murray,  David,  New  Brunswick,  New  Jersey  (11). 

N. 

Nason,  Henry  B.,  Beloit,  Wisconsin  (13). 

Nelson,  Cleland  K.,  Annapolis,  Maryland  (12). 

Newberry,  J.  S.,  New  York,  New  York  (5). 

Newcomb,  Simon,  Washington,  District  of  Columbia  (13). 
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•Newton,  E.  H.,  Cambridge,  New  York  (1). 

Newton,  Hubert  A.,  New  Hayen,  Ck>iinecticut  (6). 

Newton,  Kobert  S.,  New  York,  New  York  (16). 
♦NicoUctt,  J.  N.,  Washington,  District  of  Columbia  (1). 

Kiles,  W.  H.,  Cambridge,  Massachusetts  (16). 
•Norton,  J.  P.,  New  Haven,  Connecticut  (1). 

Norton,  W.  A.,  New  Haven,  Connecticut  (6). 

Nye,  A.  H.,  Bufl^o,  New  York  (15). 

o. 

•Oakes,  William,  Ipswich,  Massachusetts  (1). 

Oliver,  James  Edward,  New  York,  New  York  (7). 
•Olmsted,  Alexander  F.,  New  Haven,  Connecticut  (4), 
•Olmsted,  Denison,  New  Haven,  Connecticut  (1). 
•Olmsted,  Denison,  Jr.,  New  Haven,  Connecticut  (1). 

Ordway,  John  M.,  Providence,  Rhode  Island  (9). 

P. 

Ptekard,  A.  S.,  Jr.,  Salem,  Massachusetts  (16). 
Pame,  Cyrus  F.,  Rochester,  New  York  (12). 
Painter,  Minsball,  Lima,  Pennsylvania  (7). 
Palmer,  Evcrard,  BulfiEdo,  New  York  (16). 
P&rker,  Henry  E.,  Hanover,  New  Hampshire  (11). 
•Parkman,  Samuel,  Boston,  Massachusetts  (1).  * 

Parmelee,  Dubois'  D.,  New  York,  New  York  (15). 
Pany,  Charles  C,  Washington,  District  of  Columbia  (6). 
Parvin,  Theodore  S.,  Iowa  City,  Iowa  (7). 
Pease,  Francis  S.,  Buffalo,  New  York  (16). 
Peck,  Edward  W-,  Burlington,  Vermont  (16). 
Peck,  William  G.,  New  York,  New  York  (13). 
Peirce,  Benjamin,  Cambridge,  Massachusetts  (1). 
Peirce,  James  M.,  Cambridge,  Massachusetts  (11). 
•    Perkins,  Oeorge  R.,  Utica,  New  York  (1). 
Perkins,  Maurice,  Schenectady,  New  York  (16). 
Perry,  John  B.,  Brookllne,  Massachusetts  (16). 
•Perry,  M.  C,  New  York,  New  York  (10). 

Phelps,  Almira  L.,  Baltimore,  Maryland  (13). 

Phelps,  Charles  E.,  Baltimore,  Maryland  (13). 

Pierce,  Henry  M.,  New  York,  New  York  (16). 

Pierrepont,  H.  E.,  Brooklyn,  New  York  (14). 

Plant,  I.  C,  Macon,  Georgia  (8). 
•Humb,  Ovid,  Salisbury,  Connecticut  (9). 

Poole,  Henry  W.,  Boston,  Massachusetts  (14). 

Pope,  Charies  A.,  St.  Louis,  Missouri  (12). 
•  Porter,  John  A.,  New  Haven,  Connecticut  (14). 

Powell,  Samuel,  Philadelphia,  Pennsylvania  (13). 


XXYlll  HEKBERS   OF 

Prescott,  William,  Concord,  New  Hampshire  (1). 
Pruyn,  J.  V.  L.,  Albany,  New  York  (1). 
Fagh,  Evan,  Centre  Co.,  Pennsylvania  (U). 
Putnam,  F.  W.,  Salem,  Massachusetts  (10). 

Q. 

Quincy,  Edmund,  Jr.,  Boston,  Massachusetts  (11). 

R. 

Rankin,  Alexander  T.,  BulMo,  New  York  (16). 
Ranney,  Orville  W.,  BuflWo,  New  York  (15). 
Ranch,  J.  H.,  Chicago,  Illinois  (11). 
Raymond,  R.  W.,  New  York,  New  York  (16). 
Redfield,  John  H.,  Philadelphia,  Pennsylvania  (1). 

•  Redfield,  William  C,  New  York,  New  York  (1). 
Rice,  Clinton,  New  York,  New  York  (7). 
Richardson,  Horace,  Boston,  Massachusetts  (12). 
Ritchie,  E.  S.,  Boston,  Massachusetts  (10). 
Robertson,  Thomas  D.,  Rockford,  Illinois  (10). 
Robinson,  Coleman  T.,  Buffalo,  New  York  (16). 
Rochester,  Thomas  F.,  Buffalo,  New  York  (16). 
Rockwell,  Alf^d  P.,  New  Haven,  Connecticut  (10). 
Rockwell,  John,  La  Salle,  Illinois  (11). 

•Rockwell,  John  A.,  Norwich,  Connecticut  (10). 
Rodman,  William  M.,  Providence,  Rhode  Island  (9). 
Rogers,  Fairman,  Philadelphia,  Penny Ivania  (11). 

*  Rogers,  James  B.,  Philadelphia,  Pennsylvania  (1). 
Rogers,  W.  A.,  Alflred  Centre,  New  York  (16). 
Rogers,  W.  B.,  Boston,  Massachusetts  (1). 
Rood,  O.  N.,  New  York,  New  York  (U). 
Roosevelt,  Clinton,  New  York,  New  York  (11). 
Rumsey,  Bronson  C,  Buffalo,  New  York  (16). 
Rumsey,  Dexter  P.,  Buffalo,  New  York  (16). 
Russell,  Andrew,  Ottawa,  Canada  West  (11). 
Rutherford,  Louis  M.,  176  2d  Av.,  New  York,  New  York  (13). 

"    s. 

Safford,  J.  M.,  Nashville,  Tennessee  (6). 
Safford,  Truman  H.,  Chicago,  Illinois  (18). 
Sanborn,  Francis  Q.,  Boston,  Massachusetts  (IS). 
Sargent,  Rufhs,  Auburn,  New  York  (10). 
Scarborough,  George,  Sumner,  Kansas  (2). 
Schanck,  J.  Still  well,  Princeton,  New  Jersey  (4). 
Schofield,  J.  M.,  Washington,  District  of  Columbia  (18). 
Schott,  Arthur  C.  Y.,  Georgetown,  District  of  Columbia  (8). 
Schott,  Charles  A.,  Washington,  District  of  Columbia  (8). 
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8cndder,  Samuel  H.,  Cambridge,  Massachusetts  (18). 
Sellstedt,  Laurentius  G.,  Boifiao,  New  York  (16). 
Seward,  William  H.,  Aubam,  New  York  (1). 
Sexton,  Jason,  Buffalo,  New  York  (16). 
Seymour,  M.  H.,  Montreal,  Canada  (11). 
Sheafer.  P.  W.,  Fottsville,  Pennsylvania  (4). 
Shepard,  C.  U.,  Amherst,  Massachusetts  (4). 
Sherwood,  Albert,  Buffalo,  New  York  (16). 
Sias,  Solomon,  Charlotteville,  New  York  (10). 
Sill,  EIlshaN.,  Cuyahoga  Falls,  Ohio  (6). 

•  Silliman,  Benjamin,  New  Haven,  Connecticut  *(1). 
Sillinum,  Beigamin,  New  Haven,  Connecticut  (1). 
Sillsbee,  £.  A.,  Salem,  Massachusetts  (14). 
Skinner,  John  B.,  Buffiilo,  New  York  (16). 
Smitb,  A.  D.,  Providence,  Bhode  Island  (14). 
Smith,  J.  L.,  St.  Louis,  Missouri  (14). 

•  Smith,  J.  v.,  Cincinnati,  Ohio  (5). 

Smith,  James  Y.,  Providence,  Rhode  Island  (9). 

♦  Smith,  Lyndon  A.,  Newark,  New  Jersey  (9). 
Snell,  Eben  S.,  Amherst,  Massachusetts  (2). 

*  Sparks,  Jared,  Cambridge,  Massachusetts  (2). 
Spencer,  Charles  A.,  Brooklyn,  New  York  (14). 
Spring,  Charles  H.,  Boston,  Massachusetts  (13). 
Squier,  George  L.,  BuffEilo,  New  York  (16). 
Stanard,  Benjamin  A.,  Cleveland,  Ohio  (6). 
Steams,  Josiah  A.,  Boston,  Massachusetts  (10). 
Steams,  William  P.,  Oxford,  Mississippi  (13). 
Steele,  Oliver  G.,  Buflklo,  New  York  (16). 
Steiner,  Lewis  H.,  Frederick  City,  Maryland  (7). 
Stevenson,  Charles  L.,  Charlestown,  Massachusetts  (14). 
Stewart,  William  W.,  Buffiilo,  New  York  (16). 
Stimpson,  William,  Chicago,  Illinois  (12). 

Stoddard,  O.  N.,  Oxford,  Ohio  (Z). 
Storer,  D.  H.,  Boston,  Massachusetts  (1). 
Storer,  Frank  H.,  Boston,  Massachusetts  (13). 
Sulllvant,  W,,  S,  Columbus,  Ohio  (7). 
Swallow,  G.  C,  Columbia,  Missouri  (10). 
Swinburne,  John,  Albany,  New  York  (6). 

T, 

^Tallmadge,  James,  New  York,  New  York  (1). 
•  ♦Taylor,  Richard  C,  Philadelphia,  Pennsylvania  (1). 
♦  Teschemacher.  J.  £.,  Boston,  Massachusetts  (1). 

Thomas,  Calvin  F.  S.,  BufCiao,  New  York  (16). 

Thompson,  Alexander,  Aurora,  New  York  (6). 

Thompson,  Aaron  R.,  New  York,  New  York  (1). 
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A  mDTRESS 


IIT  GOmCSMOBATIOir  OF 


ALEXANDER  DALLAS  BACHE, 

BY 

BENJAMIN  APTHORP  GOULD. 


Gkntlemen  of  the  Akerican  Association  for  the  Adyance- 
KEMT  OF  Science  : — 

It  is  no  common  event  which  you  have  called  upon  me  to 
coimnemorate.  Death,  who  comes  with  an  impartial  tread  into 
tiiie  hovels  of  the  poor  and  the  castles  of  monarchs,  is  a  visitor 
too  well  known  to  us  all.  Yet,  sometimes  he  assumes  a  new 
aspect.  When,  three  years  ago,  at  the  very  moment  of  the 
hard  won  and  stem  rejoicing  of  the  Republic,  we  saw  her  first 
citizen  struck  down  in  the  midst  of  the  people  who  honored 
him,  the  destroyer  gained  almost  a  new  power  in  our  imagina- 
tions. So  is  it  with  us  now.  He,  who  by  common  consent, 
unquestioning  and  unchallenged,  stood  forth  preeminent  as  our 
leader  in  science,  our  first  counsellor  where  her  welfare  was  at 
stake,  unflinching  in  the  maintenance  of  her  interests,  wise  in 
the  guidance  of  her  affairs, — he  has  gone  from  among  us. 

Adequately  to  portray  the  character,  abilities  and  influence 
of  such  a  man  would  be  an  undertaking  from  which  the  ablest 
tongue  or  pen  might  shrink.  It  is  not  for  the  labor  it  implies, 
for  labor  is  fitly  bestowed  in  recording  a  life  at  once  so  great 
and  so  inspiring ;  not  from  the  natural  timidity,  which  even  the 
most  competent  might  well  feel,  in  presuming  to  pronounce  any 
judgement  upon  so  rare  a  virtue,  ability  and  patriotism ;  nor  is 
it  even  that  our  point  of  view  is  palpably  too  near,  to  permit  the 
*just  portrayal  of  this  lofty  character  with  all  the  truthfulness  of 
outline  for  which  a  comprehensive  survey  of  the  whole  in  its 
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many  relations  is  imperative ;  or  to  give  its  fair  proportions, 
undistorted  by  the  mists  which  encompass  our  vision,  and  un- 
tinged  by  the  hues  with  which  affection  adorns  his  image.  Be- 
side all  these,«there  is  yet  another  reason  for  distmst.  His 
influence  extended  through  so  large  a  sphere  that  it  is  diflScult 
for  us  fully  to  comprehend  it  now.  The  more  we  examine  the 
tokens  of  its  action,  the  more  do  we  become  impressed  with  its 
extraordinary  range.  I  know  of  no  department  of  physical  or 
natural  science  which  has  not  been  stimulated  or  fostered 
through  his  means.  The  legislative  and  executive  departments 
of  the  nation  knew  his  power  through  many  years,  and  relied 
upon  it  in  matters  far  beyond  the  range  of  his  ordinary  pur- 
suits. Both  the  army  and  navy  felt,  and  have  often  acknowl- 
edged their  obligations  to  him.  The  progress  of  education,  the 
development  of  scientific  research,  the  extent  of  scientific  dis- 
covery, the  growth  of  the  arts,  and  the  spread  of  commerce, 
have  all  been  greater  in  America  because  he  has  lived. 

Such  a  man  was  our  beloved  and  honored  Bag  he.  To  hesi- 
tate, when  summoned  to  put  into  words  our  common  tribute, 
were  unworthy  of  his  friend  or  of  his  pupil.  You  will  all  feel 
the  inadequacy  of  the  offering,  and  the  futility  of  attempting  to 
compress  into  the  utterance  of  an  hour  or  two  such  records  and 
such  results.  Many  of  you  have  already  brought  him  a  better 
tribute, — that  of  years  of  fruitf\il  labor,  prompted  and  encour- 
aged by  himself,  or  of  a  change  in  the  aims  and  pursuits  of  a 
lifetime,  induced  by  his  wise  and  kindly  counsel. 

Alexander  Dallas  Bache  was  bom  in  Philadelphia  on  the 
19th  day  of  July,  1806.  If  intellectual  and  moral  eminence 
might  be  inferred  from  an  honorable  lineage,  which,  unhappily, 
is  not  always  the  case,  it  certainly  would  have  been  anticipated 
for  him.  His  father  was  the  son  of  Richard  Bache  and  Sarah 
Franklin ;  the  former.  President  of  the  B^publican  Society  of 
Philadelphia  at  the  outbreak  of  the  American  Revolution,  and 
Postmaster  General  of  the  United  States  from  1776  to  1782 ; 
the  latter,  the  only  child  of  Benjamin  Franklin  and  his  wife 
Deborah  (Read),  and  herself  eminent  as  one  of  the  heroines  of 
the  war  of  independence.  The  noble  women  who,  during  our 
recent  struggle  for  the  maintenance  of  the  nationality  then 
achieved,  gave  their  time  and  energies  to  the  support  of  their 
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oolmtiymeiL  facing  the  edge  of  battle,  and  who  haye  aided  in 
making  the  name  of  our  own  Sanitary  Commission  immortal, 
were  bat  the  unconscdous  imitators  of  that  smaller  but  equally 
deYoted  band  who,  during  our  first  struggle  for  national  exist- 
ence, similarly  labored  in  mitigating  the  sufferings  of  our  sol- 
diers. Like  them,  Mrs.  Bache  ministered  to  the  sick  and 
wounded  in  army  hospitals;  and  under  her  superintendence 
more  than  2200  women  were  at  one  time  employed  in  making 
garments  for  the  barefooted  and  half-clad  men,  who,  agiunst  al- 
most unparall^ed  obstacles,  were  achieving  the  independence 
of  a  continent  and  a  new  yantage-ground  for  the  oppressed  of 
all  nations.  The  maternal  grandfather  of  our  departed  col- 
league, for  whom  he  received  his  name,  was  Alexander  James 
DaUafi,  Secretary  of  the  Treasury  of  the  United  States  from 
Oct-  1814  to  Nov.  1816,  who,  in  the  second  war  of  our  Kepub- 
lic,  redeemed  its  finances  from  conflision,  and,  in  the  short 
space  of  two  years,  restored  them  to  a  condition  of  order  and 
stability.  Under  his  administration  also,  the  Coast  Survey  of 
the  United  States  was  established,  and  Mr.  Hassler  appointed 
to  its  superintendence.  The  late  (Commodore  Dallas,  and  Mr. 
George  M.  Dallas,  Vice  President  of  the  United  States,  were 
his  sons. 

A  peculiarly  large  number  of  Mr.  Bache*s  family,  both  on  the 
paternal  and  maternal  side,  were  engaged  in  the  government 
service,  civil  or  military,  and  yoimg  Bache  was  destined  by  his 
father  for  the  army,  which  offered  also  to  the  boy  an  attractive 
career.  Accordingly,  at  the  age  of  fifteen,  he  entered  the  Mili- 
tary Academy  at  West  Point,  where  he  graduated,  July  1, 
1825,  the  first  scholar  in  a  class  so  far  above  the  usual  grade 
of  excellence  that  four  of  its  members  were  assigned  to  the 
Corps  of  Engineers,  although  for  more  than  one  or  two  in  each 
ilass  to  attain  this  distinction  was  a  rare  occurrence.  Among 
his  classmates  at  West  Point  were  General  Robert  Anderson, 
of  Fort  Sumter,  and  Major  General  C.  F.  Smith,  who  served 
his  native  land  so  faithfully  and  efiiectively  during  the  recent 
rebellion. 

It  is  recorded  of  Bache  that,  during  the  whole  term  of  his 
course  at  the  Military  Academy,  he  never  incurred  a  single 
mark  of  demerit.    And  this  is  all  the  more  to  his  credit,  in  that 
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he  was  no  demure  and  prematurely  sedate  youth,  but  possessed, 
in  an  eminent  degree,  that  love  of  frolic  and  of  jest  which 
formed  a  prominent  trait  of  his  character  in  riper  years.  Nor 
was  the  high  position  which  he  acquired  in  the  confidence  and 
respect  of  his  instructors  attained  at  the  expense,  in  any  de- 
gree, of  the  affection  of  his  fellow  pupils.  The  bonds  of  Mend- 
ship  formed  within  the  precincts  of  the  Military  Academy  seem 
to  have  been  of  .remarkable  strength,  and  were  most  tenderly 
guarded  by  him  throughout  his  subsequent  Ufe. 

The  final  examination  of  the  cadets,  just  before  the  close  of 
their  academic  course,  was  attended  then,  as  now,  by  prominent 
officers  of  the  military  service.  In  the  year  now  referred  to, 
the  Secretary  of  War  himself  was  present,  and  the  tokens 
of  scholarly  and  military  excellence  given  by  the  first  pupU  of 
the  class  were  such  as  to  elicit  the  most  uncommon  marks  of 
approval.  The  Secretary  himself,  with  a  sympathetic  apprecia- 
tion which  does  him  the  highest  honor,  was  prompted  to  the 
unusual  step  of  addressing  a  letter  to  Bache's  mother.  This 
letter,  one  of  that  mother's  most  cherished  mementoes,  I  am 
permitted  to  read  to  you. 

West  Point,  June  10th,  1825. 

My  Dear  Madam :— Upon  any  other  occasion  than  the  subject  of  the 
present  letter,  I  should  be  obliged  to  admit  that  our  very  small  ac- 
quaintance would  rebuke  me  for  addressing  you.  But,  being  a  father, 
and  knowing  how  exquisite  is  the  pleasure  arising  from  the  weU-doing 
of  children,  I  am  quite  sure,  flx)m  your  amiable  disposition,  that  you 
will  forgive  me,  when  you  learn  that  my  only  purpose  in  writing  is  to 
state,  as  I  do  most  sincerely,  how  greatly  I  was  gratified  at  the  evi- 
dences given  by  your  son  in  his  examination,  of  the  excellence  of  his 
attainments.  He  ought  to  be,  as  I  am  sure  he  will  be,  a  source  of  the 
greatest  consolation.  I  know  not  whether  it  has  been  your  lot  to  have 
your  cup  of  life  drugged  in  any  degree  with  calamity.  The  draught 
must  have  been  severe  indeed  if  it  is  not  sweetened  by  the  blessing  of 
your  excellent  son.  I  knew  and  loved  your  father— his  great  patemU 
ancestor  I  knew  only  by  his  works.  I  thought,  or  permitted  myself 
to  believe,  that  I  saw  the  excellences  of  both  branches  about  to  be 
united  in  your  son.    I  offer  you  my  sincere  congratulations. 

JAMES  BABBOUS. 
Hub.  SormA  Bachb. 

That  mother's  cup  of  life  was  indeed  bitterly  drugged  with 
calamity ;  but  the  supporting  arm  of  her  son,  the  rich  honors 
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winch  she  happily  lived  to  see  accorded  him  in  no  stinted  meas- 
ure, and  the  abmidaiit  benefits  to  the  commonwealth  and  to 
ite  nation,  wMch  followed  his  accession  to  each  successive 
place  of  influence  or  aathoriiy,  did  most  effectively  sweeten  it, 
and  cause  it  to  run  over  with  gladness. 

I>uring  the  first  year  after  graduating,  he  remained  at  West 
Point,  as  assistant  to  Professor  Mahan  in  the  department  of  En« 
gmeering,  and,  in  the  summer  of  1826,  was  detailed  as  assistant 
to  Colonel  Totten,  then  in  charge  of  the  construction  of  Fort 
Adams,  at  Newport.  Here  commenced  a  close  friendship  ben 
tween  these  two  eminent  men,  which  increased  with  their  in- 
oeasing  years,  and  was  severed  only  by  death.  And  when,  long 
years  afterwards,  their  duties  brought  them  once  again  to  the 
same  place  of  residence,  and  permitted  a  resumption  of  their 
intimate  communion,  the  joint  influence  of  Greneral  Totten,  as 
Chief  of  the  Engineer  Corps,  and  of  Professor  Bache,  as  Super- 
intendent of  the  Coast  Survey,  quietly  but  steadily  wrought  a 
wondrous  change  in  the  welfare  of  scientific  interests,  and  in 
the  position  of  scientific  men  at  Washington.  In  their  intimate 
domestic  intercourse  they  not  only  occupied  the  relation,  but 
assumed  the  titles  of  kindred ;  and  to  their  mutual  support  in 
times  of  peril  to  the  great  intellectual  interest  which  they  de* 
fended,  American  science  will  be  forever  indebted. 

Nor  was  General  Totten  the  most  important  or  the  nearest 
friend  whom  Bache  won  for  life  during  his  sojourn  of  two  years 
at  Newport.  It  was  his  privilege  there  also  to  enlist  the  affec- 
tion and  secure  the  hand  of  an  admirable  woman,  who,  for 
nearly  forty  years,  accompanied  him  in  all  his  many  wander- 
ings ;  t^  her  sound  judgement,  unsurpassed  devotion,  and  intel- 
lectual ability,  multiplying  his  opportunities  of  us^tdness  as 
well  as  his  happiness,  and  rendering  it  possible  for  him  to 
accomplish,  for  his  own  honor  and  for  the  welfare  of  his 
coontiy,  what  no  man  probably  could  have  accomplished  with- 
out some  such  assistance. 

On  the  16th  of  September,  1828,  only  three  years  after  grad- 
uating from  West  Point,  and  only  two  years  after  the  com- 
mencement of  his  professional  duties  at  Fort  Adams,  Mr.  Bache 
was  elected  Plt)fessor  of  Natural  Philosophy  and  Chemistry  in 
the  University  of  Pennsylvania,  at  Philadelphia.    He  was  at 
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this  time  but  twenty-two  years  old,  yet  the  repute  of  his  career 
at  West  Point  had  been  already  a  source  of  pride  to  his  native 
city,  and  sundry  communications,  which  he  had  found  time  in 
Newport  to  contribute  to  the  Malhematical  Journal^  had  borne 
witness  to  his  mental  activity  and  ability.  Mr.  Bache  obtained 
a  six  months'  leave  of  absence,  was  married  as  soon  as  it  was 
received,  and,  on  the  11th  of  October,  about  three  weeks  after 
his  election,  arrived  in  Philadelphia  to  assume  the  duties  of  his 
professorship.  These  duties  proving  acceptable  to  himself  and 
to  the  college  authorities,  he  definitely  resigned  his  position  in 
the  army  at  the  expiration  of  his  leave  of  absence. 

Here  commences  his  scientific  career,  interrupted  sometimes 
by  the  pressure  of  other  duties,  but  never  discontinued,  no  mat- 
ter what  his  avocations,  so  long  as  God  granted  him  and  us  a 
continuance  of  his  mental  powers. 

For  seven  years  Professor  Bache  retained  his  position  in  the 
University,  beloved  by  his  pupils,  esteemed  by  his  colleagues, 
respected  by  the  whole  community.  During  these  years  he  was 
an  active  member  of  the  Franklin  Institute  and  of  the  Philo- 
sophical Society,  and  their  transactions  contain  some  twenty- 
five  contributions  from  him  within  this  period,  all  of  them 
recording  the  results  of  original  scientific  research. 

Among  these  papers  some  deserve  especial  mention. 

The  earliest  which  I  find  recorded  is  an  article  "  On  the 
Specific  Heat  of  the  Atoms  of  Bodies,"  published  in  February, 
1829.  In  this  firstling  he  maintained  that  the  best  and  latest 
determinations  of  the  atomic  weights  and  specific  heats  of  ele- 
ments failed  to  support  the  doctrine  that  the  specific  heat  of  the 
atoms  is  the  same  for  all  bodies.  The  topic  was  a  large  one 
for  discussion  by  a  young  man  of  twenty-two,  but  he  certainly 
made  his  point  good ;  and  if  the  theory  which  he  then  opposed 
has  found  acceptance  in  subsequent  years,  it  has  only  been  be- 
cause the  data  upon  which  it  rests  have  been  modified  by  more 
accurate  determination. 

This  paper  was  followed,  a  year  later,  by  his  first  experimental 
research,  which  was  upon  the  inflammation  of  phosphorus  in  a 
vacuum,  or  rather,  in  a  highly  rarified  medium.  This  appealed 
in  the  Amerimn  Journal  of  Science^  bearing  date  May,  1830, 
and  was  the  beginning  of  a  more  extended  line  of  investigation, 
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sobseqaently  followed  up.     A  stage  was  reached,  at  last,  where 
it  became  requisite  to  learn  the  order  of  thermal  conducting 
power  for  Tarions  XK>wderB,  since  the  research  depended  on  the 
degree  to  which  that  small  amount  of  heat  could  be  retained, 
which  was  generated  by  means  of  ^at  little  oxygen  remained 
for  contact  with  the  phosphorus.     In  the  air  many  powders 
were  capable  of  thus  producing  inflammation ;  and  exhaustion  of 
the  air  operated  simply  by  removing  a  conveyer  of  heat.    These 
conducting  powers  were  not  determined,  and  the  research  re- 
mained unpublished. 

The  influence  of  the  Franklin  Institute,  in  giving  to  Bache's 
first  researches  an  especially  practical  character,  is  very  notice- 
able at  this  period.     General  Mechanics  received  a  large  share 
of  his  attention.     An  article  which  he  printed  in  April,  1831, 
proposes  a  safety-apparatus  for  steamboats,  composed  of  a 
combination  of  the  French  plan  of  plates  of  Ihsible  metal,  with 
the  ordinary  safety-valve,  so  that  on  the  melting  of  the  plate 
the  sapply  of  steam  might  not  be  totally  lost,  thus  obviating 
the  main  objection  to  the  employment  of  fusible  metal.    A  year 
later,  he  proposed  an  alarm  to  be  applied  to  the  interior  flues 
of  steam  boilers.     In  this,  the  ordinary  diflSculties  attending 
the  use  of  fusible  metal  for  such  purposes  are  obviated,  by  in- 
closing it  in  a  tube,  and  imbedding  in  it  the  lower  end  of  a  rod, 
to  the  upper  end  of  which  is  applied  some  retractive  force. 
The  fhsion  of  the  metal  releases  the  rod,  causing  a  bell  to  ring, 
or  a  whistle  to  sound ;  after  which  the  rod  may  be  restored  to  its 
place,  and  the  metal  allowed  again  to  solidify  around  it.    Thus 
the  metal  is  not  exposed  to  the  contact  or  pressure  of  the 
steam,  but  only  to  its  heating  agency.    Experiments  tried  with 
this  apparatus  a  year  or  two  later,  by  the  Committee  of  the 
Franklin  Institute  on  Explosions  of  Steam  Boilers,  led  to  a 
very  favorable  report,  accompanied  by  the  suggestion  that  it  is 
equally  applicable  to  boilers  without  interior  flues,  and  might 
be  employed  as  a  manageable  and  useful  check  in  ordinary 
cases  upon  the  safety-valve. 

In  the  beginning  of  the  year  1832,  Mr.  Saxton,  who  was  then 
in  London,  wrote  to  fHends  in  Philadelphia  an  early  account  of 
Faraday's  discovery  of  magneto-electricity,  and  of  his  own  rep- 
etition of  the  experiments,  as  well  as  those  of  Nobili  made 
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soon  afterwards.  Apparatus  was  immediately  constrocted  for 
repeating  the  experiment,  both  in  the  English  and  Italian  form, 
and  careful  observations  were  published  by  Professor  Bache  in 
the  Memoirs  of  the  Franklin  Institute  for  July.  His  inferences 
were  most  philosophically  %nd  accurately  drawn,  and  entirely 
accord  with  the  laws  now  so  well  known.  What  a  field  has 
beeniraversed  in  the  progress  of  our  physical  knowledge  since 
that  not  very  distant  day !  The  production  of  a  spark  by  m^- 
netic  agency  was  a  vast  step  toward  making  possible  the  quan- 
titative demonstration  of  the  Correlation  of  Physical  Forces. 
But  Saxton,  in  writing,  carefidly  says,  '^  a  spark  resembling  the 
electric  spark;"  and  Bache's  first  inquiries  were  directed  to 
solving  the  great  question  whether  it  were  indeed  electrical  in 
its  nature.  A  quarter-century  later,  and  these  sparks,  '^  resem- 
bling the  electric  spark,"  were  fiashing  messages  of  peace  and 
good  will  to  men  between  the  home  of  Faraday  and  the  home 
of  Bache. 

I  pass  over  his  translations  of  important  recent  physical  and 
chemical  memoirs,  which  did  good  in  their  day  by  bringing  the 
newer  results  of  science  home  to  our  doors,  at  a  time  when 
familiarity  with  modem  languages  was  comparatively  a  rare 
accomplishment,  and  so  also  his  experiments  on  the  Navigation 
of  Canals  by  Steam ;  but  must  comment,  for  an  instant,  on  the 
interesting  and  valuable  results  of  his  experiments  on  the  cor- 
rectness of  measurement  of  rainfalls  made  by  the  ordinary 
gauges.  These  observations  were  made  in  1833,  although  not 
published  until  five  years  later,  when  he  communicated  them  to 
the  British  Association  at  its.  meeting  in  Newcastle,  which  he 
attended.  These  experiments  were  very  labored,  and  led  to 
interesting  deductions.  He  placed  rain-gauges  at  each  comer 
of  Beck's  shot  tower,  in  Philadelphia,  at  a  height  of  162  feet 
from  the  ground.  The  locality  was  favorable,  since  Philadel- 
phia is  situated  upon  an  extensive  plain,  where  neither  the  fall- 
ing rain  nor  the  wind  encountered  purely  local  influences.  The 
observations  were  made  at  first  at  three  different  heights,  the 
original  motive  of  the  investigation  having  been,  to  determine 
the  extent  to  which  ttte  amount  of  rain  collected  is  afibcted  by 
the  height  of  the  station.  It  soon  became  manifest  that  the 
efiect  of  eddy-winds  was  greater  than  that  of  the  difference  of 
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elevation ;  aod  Professor  Bache  himself  became  convinced  that 
the  variation  in  quantity  of  rain  collected  at  different  heights 
was  chiefly  due  to  tUis  previously  unsuspected  source  of  error. 
The  quantities  of  rain  collected  at  the  different  angles  of  the 
tower  varied  very  greatly  ;  and,  in  one  extrenie  case,  during  a 
westerly  wind,  the   quantity  in  the  gauge   at  the  south-east 
angle  was  2^  times  as  great  as  that  in  the  north-west  gauge. 
In  general,  the  leeward  gauge  received  more  than  the  windward 
one.    And  since  the  heavier  rains  generally  fall  in  connection 
with  certain  particular  directions  of  the  wind,  it  is  clear  that 
averages  derived  from  observations  of  these  rains  are  liable  to 
constant  errors,  in  the  determination  of  the  quantity  of  rain  fall- 
ing at  a  given  height  from  the  ground.     Regarding  the  sup- 
posed variation  in  quantity  as  dependent  upon  variation  in 
height,  the  results  were  far  less  marked ;   and,  although  the 
temperature  of  the  rain-drops  was  often  found  higher  than  that 
of  the  air  tlirough  which  they  were  falling,  he  states  that  he 
never  saw  a  case  in  which  the  gauges  at  the  top  of  the  tower 
showed  more  rain  than  those  below.     The  extensive  details  of 
this  research  have  not  been  printed.     It  was  far  from  Bache's 
usage  to  send  his  papers  abroad  for  publication,  but  these  re- 
sults were,  with  entire  propriety,  communicated  to  the  eminent 
foreign  scientific  body  whose  sessions  he  was  attending,  a  wel- 
come and  honored  guest.     Speaking  of  them  in  later  years,  he 
says :  **  The  experiments  have  never  been  published  in  extensoy 
because  I  thought  the  cream  of  them  had  been  taken  off,  and 
there  was  no  use  for  the  skim-milk ! " 

Bat  the  subject  which,  not  only  at  this  period  but  through- 
out his  life,  seemed  to  possess  for  him  the  greatest  attraction 
was  Terrestrial  Magnetism,  then  made  especially  prominent  as 
a  field  for  physical  investigation,  through  the  experimental  and 
theoretical  discoveries  of  Gauss  and  Weber.  As  early  as  the 
year  1830,  he  had  equipped  a  little  magnetic  observatory  in  the 
garden  attached  to  his  house,  in  which  regular  observations 
were  made  during  a  period  of  four  or  five  years.  In  his  jour- 
neys he  carried  with  him  portable  instruments  with  which  he 
determined  the  magnetic  constants  of  the  points  visited.  What 
he  accomplished  in  later  years  for  this  favorite  branch  of  sci-' 
ence,  the  world   knows;    and  it  is   certainly  not   too  much 
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to  say  that,  of  what  we  know  to-day  of  the  distribution,  inten- 
sity, and  periodic  and  secular  changes  of  terrestrial  magnetism, . 
we  are  indebted  quite  as  much  to  Bache  as  to  any  other  one 
man. 

Hi9  first  memoir  on  the  subject  was  presented  to  the  Ameri- 
can Philosophical  Society  in  November,  1832,  and  contains  the 
results  of  hourly  obser\'ations  of  the  declinations,  in  which  be 
was  assisted  by  Professor  Frazer.     These  observations  were 
made  with  a  very  long  needle,  provided  with  a  graduated  arc  at 
each  end.    Beside  some  small  notices  of  the  obser\'ed  influence 
of  Auroras  upon  the  needle,  a  phenomenon  regarding  which  facts 
were  then  wanting,  he  published,  in  the  Transactions  of  the 
Philosophical  Society,  in  connection  with  Professor  Courtenay 
(at  that  time  his  colleague  in  the  University  of  Pennsylvania) , 
two  very  elaborate  memoirs  on  the  Dip  and  Horizontal  Intensity 
of  Terrestrial  Magnetism  at  several  places  in  the  United  States. 
The  care  and  thoroughness  with  which  these  observations  were 
arranged,  and  the  reductions  effected,  could  with  difficulty  be 
surpassed. 

The  illusive  promises  of  brilliant  results,  so  familiar  to  all 
students  of  the  physical  sciences,  and  which  present  such  temi>^ 
tations  to  premature  inferences,  were  not  wanting  in  these  mag*- 
netic  investigations;  but  Bache,  though  a  young  man,  was 
truly  a  philosopher,  —  as  cautious  in  his  deductions  as  he  was 
keen  in  following  up  the  track  of  an  unusual  phenomenon  or 
the  varied  suggestions  to  which  renewed  experiment  might 
aflbrd  a  clue.  These  earlier  observations  exhibited  an  apparent 
connection  between  the  weather  and  the  amohnt  of  variation  of 
the  needle.  Even  the  approach  of  a  summer  shower  seemed  to 
be  announced  by  changes  in  the  magnet.  On  the  morning  of 
the  great  meteoric  display  in  1833,  Mr.  Bache  thought  he  had 
detected  an  unusual  disturbance, — the  needle,  which  was  gener- 
ally kept  in  the  house,  having  been  carried  out  to  the  observa- 
tory for  greater  convenience.  But  the  same  transfer,  on 
subsequent  mornings,  produced  the  same  effect,  an  effect  after- 
wards referred  to  changes  of  temperature;  and  instruments 
within  doors  gave,  through  several  seasons,  different  results 
from'  those  observed  out  of  the  dwelling-house.  Whether  the 
changes  of  temperature  occasioned  an  alteration  in  the  mag- 
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neticaxis  of  the  needle,  or  to  i^hat  other  agency  the  result  was 
Attributable,  remained  undecided. 

Daring  the  solar  eclipse  of  1834,  before  he  had  received  the 
Gaussian  apparatus,  he  carried  out  a  careful  series  of  observa- 
tions to  ascertfdn  whetlier  the  magnetic  forces  were  disturbed 
daring  the  eclipse.     For  these  observations  he  employed  the 
long  declination-needle    already   described,   a  horizontal   bar 
Yibrating  in  a  rarefied  medium,  and  a  dipping-needle  poised  on 
a  knife-edge.     Writing  of  it  nine  years  later,  he  says :  "  I  had 
nearly  cried  'Eureka'   once,  but  had  occasion  afterwards  to 
doubt."    And  s^ain,  in  a  tone  almost  of  sadness,  he  adds : 
"The  ordinary  labors  in  magnetism  are  like  those  in  astron- 
omy ;  they  yield  no  point  of  discovery,  but  go  to  the  general 
accumulation  of  facts."     To  what  extent  he  aided  in  such 
accumulation  in  later  years,  you  know. 

The  observations  of  magnets  during  auroral  displays  prom- 
ised, at  the  time,  important  results ;  and  Faraday  encouraged 
him  to  proceed  in  the  same  course.    The  formation  of  an  auro- 
ral arch  appeared  to  bring  the  declination-needle  to  a  "  point"  ; 
but  the  difficulties  arising  from  the  conflict  of  the  testimony  of 
different  instruments  were  found  very  serious.     To  obviate 
these,  he  resorted  to  the  mode  of  observation  already  alluded  to, 
in  which  the  needle  was  suspended  in  an  atmosphere  rarefied  to 
the  pressure  of  from  three  to  three  and  one-half  inches  of  mer- 
cury, a  method  described  in  tiie  memoir  cited,  and  which  proved 
of  importance  for  the  light  bars  of  Hansteen  and  others,  before 
Gauss  had  shown  the  importance  of  heavy  bars,  and  thus 
brought  about  their  general  use.     Of  this  same  memoir  he 
makes  a  remark,  in  the  letter  to  Professor  Henry,  from,  which  I 
have  already  quoted,  which  may  touch  a  sympathetic  chord  in 
the  hearts  of  some  of  the  seniors  before  me,  who  recall  the  in- 
tellectual position  of  the  American  investigator  at  epochs  by 
no  means  so  remote  as  this,  of  thirty-two  years  ago. 

"  This  memoir,"  he  says,  "  has  been  voted  prolix.  The  reason  for 
mj  making  it  in  such  detail  was  a  sneering  remark,  that  American 
observations  were  not  given  with  the  necessary  detail  to  enable  ob- 
senrers  in  Europe  to  judge  of  their  valae.  Perhaps  I  erred  in  belDg 
so  circamstantial.  The  neglect  with  which  my  friend,  Major  Sabine, 
treated  these  observations,  on  the  plea  that  I  had  not  combined  the 
dip  with  them,  and  that  they  were  over  too  limited  an  extent  of  coun- 


12  ADDRESS   IN  COMMEMORATION   OF 

try,  hurt  me  much ;  and,  in  a  controversy  before  the  British  Associa- 
tion, I  charged  upon  him  without  drawing  bridle,  and  with  a  temporary 
effect.  The  dip  observations  I  was  not  satisfied  with,  at  the  time,  hav- 
ing exaggerated  ideas  of  the  accuracy  attainable  in  such  things. 
When  I  saw  other  Instruments  and  observations,  I  found  that  I  had 
been  unnecessarily  fastidious." 

Early  in  1833,  he  published  an  edition  of  Sir  David  Breifs- 
ter's  Treatise  on  Optics,  with  Notes  and  an  extended  Appendix, 
giving  the  mathematical  investigation  of  subjects  concerning 
which  the  author  had  only  given  the  results,  in  popular  form. 

In  May,  1833,  a  bill  having  been  introduced  into  the  Legis- 
lature of  Pennsylvania  establishing  and  regulating  the  standard 
of  Weights  and  Measures,  then  not  fixed  by  the  Federal  govern- 
ment, the  House  of  Representatives  referred  the  bill  to  the 
Franklin  Institute  for  their  opinion.  The  Institute  referred  the 
matter  to  a  special  committee  of  nineteen,  of  which  Mr.  Bache 
was  chairman.  Their  repoi-t  was  prepared  by  him,  as  well  as  a 
special  analysis  of  the  various  reports  previously  made  on 
Weights  and  Measures  in  the  United  States. 

This  report  is  worthy  of  especial  note,  since  it  doubtless  con- 
tributed to  hasten  that  desirable  consummation,  the  establish- 
ment, by  Congress,  of  a  uniform  standard  of  Weights  and 
Measures,  for  which  the  power  had  been  expressly  delegated  by 
the  constitution.  It  took  the  strongest  ground  in  favor  of  such 
Congressional  action. 

"  So  impressed  are  the  committee  with  this  view,"  says  the  report, 
**  that  they  would  express  it  as  their  decided  opinion  that  the  most 
imperfect  system  of  Weights  and  Measures  which  has  ever  been 
framed,  would,  if  applied  in  all  the  States  of  our  Union,  be  preferable 
to  the  most  perfect  system  which  should  be  adopted  by  any  one  com- 
monwealth singly.  .  .  .  Indeed,  In  most  of  the  laws  of  more  recent 
origin  adopted  by  the  several  States,  there  Is  a  distinct  provision  that 
when  Congress  shall  ftirnish  a  system  of  Weights  and  Measures  for 
the  United  States,  the  temporary  State  standards  shall  be  made  to  con- 
form to  the  national  standard.  The  exceeding  importance  of  aniform- 
Ity  is  thus  distinctly  set  forth  from  quarters  of  the  highest  authority 
in  the  different  parts  of  our  extended  republic." 

The  report,  which  was  signed  by  all  the  members  of  the 
committee,  and  unanimously  adopted  by  the  Board  of  Mana- 
gers of  the  Institute,  concluded  by  recommending  that  in- 
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dependent  action  on  the  part  of  the  State  be  suspended  for 
a  season,  but  that  the  attention  of  Congress  be  especially 
called  to  the  importance  of  fixing  the  standard  of  Weights  and 
Measnies. 

Before  long,  Congress  had  taken  the  much  needed  action, 
and  established  uniform  national  standards,  probably  the  best 
attainable  without  the  introduction  of  new  names  and  ideas ; 
and  before  the  expiration  of  a  single  decade  from  the  date  of 
this  report,  Mr.  Bache  himself  occupied  the  position  of  Super- 
intendent of  Weights  and  Measures  for  the  United  States. 

Like  the  great  body  of  scientific  investigators  throughout  the 
world,  he  felt  the  convenience  and  many  advantages  of  the 
metric  system,  and  fervently  looked  forward  to  the  time  when 
that  uniformity,  for  which  the  individual  States  of  America  and 
of  continental  Europe  were  then  earnestly  striving,  should  find 
its  application  on  a  grander  scale,  and  when  all  civilized  na- 
tions, scorning  the  prejudices  which  rivers,  oceans  or  mountains 
might  hem  in,  should  join  in  one  measure,  one  weight,  and  one 
coin ;  deeming  this  apparently  far  ofl",  yet  »ot  impossible,  at- 
tainment to  be  not  merely  an  efficient  source  of  immediate  ben- 
efit, but  also  a  great  step  toward  hastening  on  that  happy  era, 
sung  by  poets  and  foretold  by  prophets, — 

"  Wlien  the  war-drnm  throbs  no  longer,  and  the  hattle-flags  are  ftirled 
In  tiie  parliament  of  man,  the  Federation  of  the  world.'' 

The  only  hinderance  to  his  immediate  advocacy  of  the  metric 
system  arose  from  a  fear  that  the  nation  was  not  yet  ripe  for  it, 
that  new  names  would  alarm  the  illiterate,  and  that  premature  ' 
efforts  for  its  introduction  might  defeat  their  own  end.  Still  he 
retained  the  meter  as  the  fundamental  unit  for  all  the  measure- 
ments of  the  Coast  Survey ;  and  in  all  discussion  and  official 
action,  whether  in  the  United  States  Office  of  Weights  and 
Measures,  in  his  many  relations  to  the  Mint,  or  as  Chairman  of 
the  Committees  upon  Weights  and  Measures  in  this  Association 
and  in  the  National  Academy,  his  policy  always  had  reference 
to  that  desirable  epoch,  which  must  surely  come,  when  the  met- 
ric system  shall  be  thoroughly  introduced  into  the  United 
States.  How  would  his  heart  have  swelled  with  joy  could 
he  have  foreseen  that,  even  now,  while  I  speak  to  you,  this 
has  been  established  as  the  standard  of  Weights  and  Meas- 
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ures  for  more  than  half,  and  legally  authorized  for  two-thirds 
of  the  population  of  continental  Europe ;  adopted  by  one-half 
of  that  of  South  America ;  that  the  United  States  have  not  only 
put  it  on  the  same  legal  footing  as  the  old  systems,  but  have 
introduced  it  into  their  domestic  and  foreign  postal  arrange- 
ments, and  are  issuing  coins  of  metric  dimensions  and  weight, 
for  the  purpose  of  disseminating  among  our  people  an  acquaint- 
ance with  the  system ;  that  Russia  has  declared  her  readiness 
to  follow,  when  the  United  States  shall  have  also  joined  the 
long  list  of  nations  who  have  established  it  in  good  earnest ; 
that  China,  at  once  the  eldest  and  the  youngest  of  the  family 
of  nations,  is  on  the  eve  of  establishing  the  same  standards ; 
and  that,  even  in  conservative  England,  its  use  has  been 
authorized  by  statutory  enactment;  so  that  the  elegant  and 
harmonious  system  of  meters  and  grams  now  stands  in  the 
same  legal  category  with  avoirdupois,  troy  and  apothecaries 
weight,  with  beer-measure  and  wine-measure,  cords,  acres, 
stones,  quarters  of  various  sorts,  and  all  the  other  arbitrary 
and  incongruous  denominations,  which  nothing  but  hereditary 
acquisition  could  save  from  the  verdict  of  utter  absurdity; 
divided  too,  as  they  are,  into  parts  of  3,  4,  5^,  6,  8,  12,  14,  16, 
31^,  or  whatever  else  they  may  be,  certainly  not  decimal. 

Two  very  extended  investigations,  in  which  Mr.  Bache  bore 
an  important  part,  ought  not  to  be  omitted  from  mention  here. 
The  first  is  the  well-known  and  elaborate  Report  upon  Water 
Power,  by  a  committee  of  the  Franklin  Institute,  a  document 
prepared  by  Mr.  Bache,  although  he  took  no  part  in  the  pub- 
lished portion  of  the  experiments.  The  other  is  the  Report 
made  in  1836,  on  the  Explosions  of  Steam  Boilers,  which  cost 
him  some  years  of  hard  work,  and  is  signed  by  him  alone  in 
behalf  of  the  committee  of  the  Franklin  Institute.  It  is  elab- 
orate and  learned,  and  rendered  essential  service  in  promoting 
judicious  legislation.  The  causes  of  explosions  are  considered 
under  five  general  divisions,  comprising  all  the  causes  at  that 
time  recognized.  Yet  it  is  a  most  instructive  consideration  for 
the  student  that  we  are  now,  after  the  lapse  of  thirty  years, 
aware  that  one  of  the  most  serious  sources  of  danger  arises 
from  a  cause  at  that  time  unknown :  namely,  the  sudden  evolu- 
tion of  steam  in  consequence  of  temporary  diminution  of  pres- 
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sore,  ftiid,  pertiaps,  the  mechanical  agitation,  produced  by  lifting 
the  Bafety-valve, — the  pressure  of  this  steam,  when  disengaged, 
surpassing  that  which  had  previously  sufSced  to  confine  it 
in  the  liquid  form.  Happily,  this  soiu-ce  of  danger  also  has 
now  been  ohviated,  by  means  of  a  principle  closely  analogous 
to  that,  which  at  this  time,  formed  the  subject  of  another  of 
Mr.  Bache's  investigations,  and  regal*ding  which  his  experi- 
ments led  to  an  unfavorable  report :  namely,  the  principle  of 
circulation  in  the  water  of  a  boiler.  The  celebrated  Jacob  Per- 
kins, seizing,  with  the  quick  perception  of  genius,  upon  this 
principle,  which  had  long  been  employed  in  the  bleacheries  of 
continental  Europe,  undertook,  by  introducing  into  the  boiler 
an  inner  lining,  open  at  the  bottom,  to  confine  the  generation 
of  steam  to  the  annular  space  between  the  boiler-wall  and  this 
false  lining,  thus  causing  an  upward  current  within  this  space, 
maintained  by  the  water  descending  through  the  central  core. 
The  theory  seemed  good,  but  Bache's  experiments  showed  that, 
far  from  greatly  promoting  the  generation  of  steam,  such  small 
influence  as  was  exerted  by  the  inner  cylinder,  was  in  the  oppo- 
site direction. 

Now  that  we  have  the  additional  knowledge  of  thirty  years 
on  the  subject,  we  easily  perceive  the  reason.  The  water 
foamed  in  the  annular  space,  not  because  it  did,  but  because  it 
did  not,  circulate  freely.  Had  the  water  in  the  inner  vessel 
been  unable  to  receive  any  heat  which  had  not  traversed  the 
cater  one,  and  had  the  ratio  of  the  sectional  area  of  the  inner 
vessel  to  that  of  the  annular  space  been  twelve  or  fifteen  times 
greater  than  it  was,  a  rapid  circulation  would  have  been  estab- 
lished ;  foaming  would  have  disappeared ;  the  rapidity  of  for- 
mation of  steam  would  have  been  increased  three  fold ;  and 
the  water  would  have  remained  in  such  a  condition  that  no  dim- 
inution of  incumbent  pressure  could  occasion  a  sudden  evolu- 
tion of  steam. 

In  the  same  year  he  made  a  thorough  survey  of  the  track  and 
the  effects  of  a  severe  tornado  which  had  visited  the  vicinity  of 
the  city  of  New  Brunswick,  and  obtained  quantitative,  as  well 
as  qualitative,  determinations  of  its  effects.  The  results  here, 
as,  likewise,  those  of  similar  subsequent  surveys  of  tornadoes 
near  Newark  and  near  Philadelphia,  tended  to  confirm  the  then 
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new  and  unpopular  theory  of  Mr.  Espy,*  of  an  inward  motion  near 
the  surface  of  the  earth. 

But  I  am  dwelling  far  too  long  upon  the  manifold  labors  of 
this  preliminary  period  of  Bache's  scientific  career.    To  present 
an  analysis  of  his  labors  during  those  seven  years,  would  be 
an  agreeable  task ;  but  far  more  than  a  proper  portion  of  this 
discourse  has  already  been  demanded  by  the  variety  of  their 
scope.     Ingenuity,  mental  activity,  interest  in  all  branches  of 
the  physical  science  of  the  day,  and  a  zealous  industry  that 
shunned  no  toil,  characterize  this  early  period  of  his  career,  as 
emphatically  as  that  of  his  maturer  life.     Six  chemical  papers 
lie  before  me ;    among  them   are   an   analysis  of  anthracite 
coals,   made  jointly  with  Professor  H.   D.   Rogers;    experi- 
ments on  the  corrosion  of  metals  by  salt  water ;  on  the  action 
of  different  alkalies  in  conferring  hydraulic  properties  upon 
lime,  and  on  a  new  method  in  alkalimetry.    Here,  too,  are  nine 
others,  yet  unmentioned,  upon  subjects  in  thermics  and  meteor- 
ology ;  among  them,  three  historical  notes,  1st,  on  the  date  of 
Dr.  Franklin's  discovery  that  oiu-  north-east  storms  begin  at 
the  south-west,  fixing  this  date  satisfactorily  in  1743 ;  2d,  on 
the  received  hypothesis  to  explain  the  greater  quantity  of  rain 
which  falls  at  the  smface  of  the  ground  than  above  it ;  and*3d, 
on  the  discovery  of  the  non-conducting  power  of  ice  ;  the  origin 
of  both  these  latter  being  conclusively  traced  to  his  great  an- 
cestor.   There  is  a  charming  little  paper  describing  experimen- 
tal illustrations  of  various  phenomena  in  thermics.     There  are 
methods  of  recording  the  force  and  du'ection  of  the  wind,  sub- 
sequently introduced  with  benefit  into  the  Coast  Survey.  There 
are  meteorological  observations,  and  observations  of  meteors, 
simultaneously  with  Mr.  Espy,  for  determining  their  height, 
and  with   Professors  Henry  and  Alexander,  for  determining 
longitude,  these  last  being  the  first  successful  ones  made  for 
this  purpose ;  and  there  is  one  of  the  most  noted  of  all  his 
memoirs,  the  investigation  of  the  Influence  of  Color  upon  the 
Absorption  and  Radiation  of  non-luminous  Ileat. 

The  basis  of  these  experiments  was  the  principle,  that  for  each 
substance  there  is  a  thickness  beyond  which  radiation  from  it 
is  constant,  so  that  their  radiating  powers  are  rightly  com- 
pared, not  by  equalizing  either  their  thickness  or  their  weight, 


A1£XAKDER   DALLAS  BACHE.  17 

bat  by  determinmg,  for  each  substance,  what  the  thickness  in 
qnestion  is.  Obtaining  then  a  variety  of  pigments,  of  the  same 
color  differing  chemically,  and  of  kindred  chemical  composition 
differing  in  color,  he  undertook  to  determine  their  different 
powers  of  absorption  and  radiation ;  as,  also,  the  modification 
of  these  powers,  which  changes  of  color,  occasioned  by  chemi- 
cal means,  would  produce.  The  principle  in  question  was 
established,  but  no  connection  between  color  and  radiation  was 
detected. 

I  pass  from  this  interesting  period  of  Bache's  life  with  an 
aUnsion  to  one  more  of  his  works,  at  that  period  eminently 
characteristic  of  the  man,  his  polemical  discussion  with  Olm- 
sted regarding  the  periodical  recurrence  of  meteors.  Mr.  Bache 
maintained  that  there  was  no  recurrence  in  1834 ;  Professor 
Olmsted,  on  the  other  hand,  maintained  the  reverse.  Profes- 
sor Bache  instituted  special  inquiries  at  the  military  posts, 
where  of  course  sentinels  were  on  duty,  along  all  the  frontiers 
of  the  United  States ;  also  among  the  night-police  of  various 
cities,  and  at  the  Universities ;  and  he  found  but  one  exception 
to  the  statement  that  no  unusual  number  of  meteors  was  seen. 
Of  this  controversy  Bache  wrote,  in  1846  : 

"There  is  something  yet  to  be  fonnd  out  on  this  subject,  which 
may  reconcile  our  opinions.  Neither  I,  nor  any  of  those  watching 
with  me,  or  for  me,  have  seen  an  unusual  number  of  meteors  on  the 
Dig:ht  of  the  12th  of  November,  in  any  year  since  the  great  night  at 
Philadelphia,  and  we  have  taken  great  pains  to  be  sure.  Yet,  I  cannot 
doubt  the  testimony  as  given  for  some  other  places.  ...  I  had  a 
complimentary  letter  from  the  Professor  in  regard  to  my  manner  of 
eonducting  the  controversy,  which  I  valued  more  highly  than  if  I  had 
gained  the  victory." 

That  "  something  yet  to  be  found  out"  we  now  know,  thanks 
to  our  colleague,  Professor  Newton,  and  to  the  brilliant  celestial 
confirmation  of  the  correctness  of  his  computations  on  the 
night  of  November  13-14,  1866  and  1867.  It  affords  the 
anticipated  reconciliation  of  the  two  opinions,  while  the  history 
of  that  controversy  illustrates  the  firmness,  mildness,  charity 
and  courtesy  of  our  lost  friend  and  leader. 

Thus  earnestly,  variedly  and  successfully  prosecuting  his 
physical  inveertigations,  surrounded  by  a  genial  circle  of  friends, 
whose  companionship  he  always  loved  to  recall,  enjoying  the 
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affection  of  his  pupils  in  the  University,  filling  an  important 
position  in  the  management  of  the  Philosophical  Society  and 
of  the  Franklin  Institute,  winning  for  himself  an  honored  name 
on  both  sides  the  Atlantic,  dwelling  with  his  kindred,  their 
stay  and  staff, — his  busy  life  went  on,  till  suddenly  a  new  path 
of  usefulness  opened  before  him,  and  led  to  an  interruption  of 
the  whole  tenor  of  his  thoughts  and  ways. 

Stephen  Girard  had  died  in  1832,  leaving  an  iounense  sum 
of  money  for  the  endowment  of  a  college  for  orphans.  In  1833, 
Professor  Bache  had  been  elected  one  of  the  Trustees  of  the 
college,  and  on  his  thirtieth  birthday,  July  19,  1836,  he  was, 
by  the  unanimous  vote  of  the  other  Trustees,  appointed  Presi- 
dent of  the  Institution.  On  accepting  this  new  position,  so  full 
of  promise,  he  received  instructions  to  visit  Europe,  in  order  to 
examine  similar  establishments  there,  and  thus  to  procure  the 
means  of  opening  the  college  under  the  most  favorable  circum- 
stances. Accordingly,  resigning  his  post  in  the  University  of 
Pennsylvania,  he  prepared  for  an  immediate  departure,  and 
sailed  for  Europe  September  30,  1836. 

During  two  years  happily  and  profitably  passed  in  visiting 
the  principal  countries  of  Europe,  he  formed  many  close  fHend- 
ships  among  the  leading  investigators  of  physical  science, 
while  actively  prosecuting  the  especial  objects  of  his  mission  ; 
and  moreover  found  opportunities  for  a  determination  of  the 
magnetic  dip  and  intensity  at  twenty-one  European  points, 
with  the  same  apparatus  and  by  the  same  methods  which  he 
had  employed  in  America,  thus  rendering  it  possible  to  com- 
bine the  results  of  both  investigations,  without  danger  of  intro- 
ducing extraneous  errors.  These  objects  once  accomplished,  he 
returned  in  October,  1838,  in  the  hope  and  expectation  of  in- 
suring an  early  opening  of  the  college.  During  the  winter  of 
1838-9,  he  prepared  his  '^  Report  on  Education  in  Europe,'*  a 
large  octavo  book  of  666  pages.  Of  the  contents  of  this  elab- 
orate volume,  I  will  not  enter  into  any  detailed  analysis  before 
the  Association.  By  the  universal  consent  of  those  best  com- 
petent to  judge,  it  enjoys  the  reputation  of  a  master-piece. 
The  fruits  of  an  examination  of  about  280  schools,  comprising 
examples  of  all  the  principal  educational  institutions  below 
the  grade  of  Universities  in  Great  Britain,  France,  Switzer- 
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land,  Holland,  Italy,  and  the  several  German  States,  are  here 
systematically  presented ;  though  the  work  claiins  only  to  be 
an  abstract  of  the  more  prominent  parts  of  the  mass  of  docu- 
mentaiy  matter  brought  home  by  Mr.  Bache,  and  arranged 
mider  his  direction,  so  that,  to  use  his  own  words,  it  might 
*^  always  throw  the  light  of  experiment  upon  doubtful  points  in 
the  working  of  onr  system  of  organization.  In  many  cases  the 
docnments  descriptiye  of  the  schools  give  the  actual  results  of 
suggestions  contained  in  the  works  on  education." 

The  history  of  the  delays  in  the  opening  of  the  Girard  Col- 
lie, of  the  vast  sums  and  almost  interminable  time  expended 
on  the  construction  of  the  building,  and  of  the  various  other 
difficulties,  which  seemed  fhll  of  unhappy  auguries,  needs  no 
repetition  here.  No  effort  was  spared  by  Professor  Bache  to 
accelerate  the  opening  of  the  institution.  We  have  seen  that 
he  hastened  home  immediately  on  the  completion  of  his  labors 
in  £arope,  notwithstanding  the  cordial  reconunendation  of  the 
Trustees,  that  he  should  remain.  At  the  beginning  of  his 
report  he  says : 

"  It  is  ahnost  needless  to  say,  that  I  am  now  not  only  ready,  but 
anxious  to  render  available  as  soon  as  possible,  in  the  organization  of 
the  Girard  College,  the  knowledge  which  has  thus  been  acquired.  A 
dae  execation  of  the  instructions  of  the  scholastic  committee  re- 
quired not  merely  an  examination  of  orphan  houses  and  elementary 
schools,  but  of  the  various  modes  of  education  and  grades  of  instruc- 
tion. ...  I  must  be  alloVed  to  say,  that  In  the  course  of  attempting 
its  execation,  I  have  spared  no  personal  exertion ;  and  though  I  may 
regret  it  was  not  in  abler  hands,  my  conscience  acquits  me  of  having 
wasted  any  parts  of  the  time  and  means  so  liberally  placed  at  my  dis- 
posal by  my  fellow-citizens." 

A  year  passed  by;  the  imposing  structure,  in  which  the 
orphans  were  to  receive  their  education,  remained  unfinished ; 
Professor  Bache's  salary  continued ;  but  there  was  no  work  for 
him  to  do.  His  mind  was  filled  with  the  ideas  and  experiences 
on  educational  matters,  which  had  accumulated  during  three 
years  of  continuous  application  to  inquiries  in  this  direction. 
Being  therefore  alike  unwilling,  by  resignation  of  his  oflSce,  to 
abandon  the  bright  prospects  which  his  enthusiasm  had  por- 
trayed for  the  fhture  of  the  college,  or  to  receive  a  salary  for 
which  he  was  rendering  no  manifest  equivalent,  he  conceived 
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the  idea  of  oflfering  his  services  gratuitously  to  the  city  of 
Philadelphia,  for  the  purpose  of  reorganizing  its  High  School, 
then  lamentably  deficient  in  many  important  respects.  His 
offer  was  accepted,  and  he  received  and  assumed  the  position 
of  Principal  of  the  High  School,  which  he  retained  for  more 
than  a  year,  effecting  during  that  period  a  complete  reforma- 
tion of  the  school,  which  soon  assumed  position  among  the 
best  in  the  land.  Finding  then  that  t&e  college  was  still  not 
in  a  condition  to  promise  any  speedy  commencement  of  its 
activity,  he  insisted  on  resigning  his  salary,  although  against 
the  remonstrances  of  the  Trustees.  He  retained,  however, 
the  nominal  office  of  President,  and  held  himself  ready  to 
assume  its  active  duties,  whenever  opportunity  should  offer. 
Meanwhile  he  received  from  the  civic  authorities  the  joint  posi- 
tion of  Principal  of  the  High  School  and  Superintendent  of 
Public  Schools;  together  with  a  salaty  which,  though  but 
little  more  than  half  that  which  he  resigned,  was  a  liberal  one 
for  those  days.  This  position  he  retained  for  nearly  two 
years,  until  in  July,  1842,  three  years  and  a  half  after  his  re- 
turn from  Europe,  he  was  reappointed  to  his  old  position  in 
the  University,  and  left  the  city-schools.  His  reoccupation  of 
the  Professorship  was,  however,  of  short  duration,  for  in  No- 
vember, 1843,  he  received  the  appointment  of  Superintendent 
of  the  Coast-Survey,  and  here,  at  the  age  of  thirty-seven  years, 
began  the  great  and  crowning  work  of  his  life. 

During  the  five  years  since  his  return  from  Europe,  though 
his  time  and  energies  were  greatly  drawn  upon  by  the  exigen- 
cies of  the  educational  duties,  his  scientific  labors  had  been  by 
no  means  intermitted.  He  had  published  his  observations  of 
the  magnetic  dip  and  intensity  at  twenty-one  stations  in 
Europe.  He  had  organized  a  magnetic  observatory  at  the 
Girard  College,  and  raised  the  means  for  the  prosecution  of 
observations  during  a  series  of  years,  which  demonstrated  for 
the  first  time  that  the  small  changes  of  magnetic  declination  in 
Europe  and  America  are  not  similar.  He  had  invented  an 
ingenious  instrument  for  determining  the  dew-point,  which 
is  even  now  probably  the  best  one  available  for  that  large  class 
of  cases,  where  the  observations  must  be  made  by  men  not 
specially  trained  to  scientific  investigation.    A  series  of  com- 
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parative  observations,  with  this  instrument  and  the  wet-bulh 
fajgronieter,  foF  about  two  years,  is  among  the  records  of  the 
Girard  College  Observatoiy.  Long  afterwards,  Bache  found 
that  BeUi  of  Milan  had  anticipated  him  in  the  general  princi- 
ple upon  which  the  instrument  depends.  "  The  form  of  my  in- 
strument," said  Bache,  '^  is  quite  different  from  his,  and  I  think 
it  has  advantages  enough  to  entitle  me  to  keep  the  name,  but 
alas,  principle  was  the  so'ul,  and  I  do  not  care  much  to  dispute 
for  the  dead  body." 

The  principle  consists  in  cooling  one  end  of  a  conductor 
below  the  dew-point,  while  the  other  is  at  the  temperature  of 
the  air.  The  intermediate  parts  then  assume  different  tempera- 
tures, and  some  one  section  will  have  the  precise  temperature 
of  the  dew-point.  The  conductor  is  quicksilver,  contained  in 
a  highly  polished  metallic  tube,  on  which  the  marginal  line  of 
deposition  of  dew  becomes  sharply  marked.  A  thermometer, 
plunged  in  the  mercury  at  this  point,  indicates,  of  course,  the 
degree  of  temperature  sought.  The  details  of  contrivance  in 
this  instrument  are  admirably  managed ;  and,  although  doubt- 
less the  neat  device  of  Regnault  for  attaining  the  same  result, 
by  the  evaporation  of  ether  &om  a  thimble,  fhmishes  a  more 
accurate  method  in  the  hands  of  a  philosopher,  it  may  be 
doubted  whether,  in  those  of  a  mechanical  observer,  it  would 
be  found  preferable. 

During  the  same  period  he  had  introduced  a  modification  of 
Osier's  anemometer,  avoiding  the  friction  of  the  apparatus 
necessary  for  guiding  the  spring,  as  also  the  exposure  of  the 
spring  to  the  weather  and  to  great  fluctuations  of  temperature. 
He  had  made  a  series  of  numerous  experiments  with  Fourier's 
thermoscope  of  contact,  in  order  to  determine  the  conducting 
powers  of  powders  and  tissues,  hoping  thus  to  remove  the 
obstacles  which  had  prevented  the  farther  prosecution  of  the 
subject  of  his  first  published  paper,  that  on  the  infiammation  of 
phosphorus.  But  finding  these  results  unsatisfactory,  he  had 
invented  a  new  thermoscope  of  contact  better  adapted  to  the 
purpose,  and  capable,  by  a  slight  modification,  of  being  applied 
to  a  determination  of  the  conducting  powers  of  liquids. 

And,  besides  these,  he  had  carried  on  his  investigations  upon 
heat  to  a  very  considerable  extent,  and  although  the  results 
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were  not,  in  his  opinion,  sufficiently  definite  and  complete  to 
justify  their  publication,  still  his  expressions  of  hope  that  he 
might  yet  resume  and  complete  these  researches  were  eyer 
earnest. 

I  cannot  refrain  from  making  known  the  reason  of  their  dis- 
continuance. 

One  room  on  the  sunny  side  of  his  house  was  appropriated 
to  these  experiments;  the  various  thermoscopes  and  all  the 
subsidiary  apparatus  were  arranged  there,  and  the  apartment 
was  held  sacred  to  scientific  investigation.  One  evening,  while 
he  was  attending  a  session  of  the  Philosophical  Society,  an 
alarm  of  fire  broke  out  in  the  neighborhood.  His  mother,  then 
a  member  of  his  family,  heard  the  alarm,  and  hastily  entered 
the  room  without  a  lamp,  to  look  from  the  front  window.  A 
crash  reminded  her,  too  late,  of  the  inconsiderateness  of  her 
movements.  The  apparatus  was  entirely  destroyed,  and  the 
first  words  which  greeted  her  son  on  his  return  told  him  what 
he  had  lost.  He  made  no  reply,  but  went  to  the  room  and 
silently  surveyed  it.  The  destruction  was  complete,  and  the 
hard  labors  of  nearly  a  year  were  rendered  fhiitless.  An  eye- 
witness has  described  it  to  me.  He  stood  white  with  emotion 
for  a  few  moments ;  then,  turning  away,  only  trusted  himself 
to  say  that  he  would  return  soon,  and  hurried  out  of  the  house. 
Half  an  hour  in  the  open  air  restored  him  to  himself ;  return- 
ing, he  consoled  his  mother,  and  made  light  of  the  occur- 
rence ;  nor  did  he  ever  afterwards  explain  the  reason  why  his 
observations  on  heat  were  discontinued. 

It  was  in  November,  1843,  that  Mr.  Bache  was  appointed  to 
the  Superintendence  of  the  Coast-Survey,  his  appointment 
to  the  Office  of  Weights  and  Measures  following,  a  month  later. 
The  volume  of  testimonials  and  reconunendations,  upon  the 
strength  of  which  this  appointment  was  made,  has  been  shown 
me ;  and  their  number  and  character  has  made  a  deep  impres- 
sion. I  cannot  believe  that  such  a  weight  of  recommendation 
was  ever  brought  at  any  time  in  support  of  a  candidate  for 
office,  on  purely  intellectual  grounds.  I  can  think  of  no  man 
in  the  country,  eminent  in  physical  science  or  holding  a  promi- 
nent scientific  position,  whose  name  was  not  signed  to  some 
one  of  that  voluminous  mass  of  memorials,  asking  the  appoint- 
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ment  of  Professor  Bache.  All  the  scientific  societies  and  col- 
leges, together  with  several  of  the  learned  associations  of 
Europe,  gave  their  influence  and  added  their  indorsement  to 
the  request.  How  snch  a  unanimous  declaration  on  the  part 
of  expels  could  have  failed  of  success,  it  were  difficult  to  con- 
ceiTe;  assuredly  it  was  tenfold  more  honorable  than  any, 
mere  appointment.  But  to  all  these  was  added  a  yet  more 
effective  influence,  growing  out  of  the  personal  and  political 
relations  which  by  good  fortune  were  brought  to  bear,  and 
which  it  was  impossible  to  resist.  The  President,  Mr.  Tyler, 
issued  the  commission,  in  spite  of  the  avowed  and  vigorous 
opposition  of  the  Secretary  of  the  Treasury,  Mr.  John  C. 
Spencer,  under  whose  immediate  direction  the  Coast-Survey 
belonged. 

So  far  as  the  earnest  and  unanimous  support  of  the  lovers  of 
science  in  the  country  was  concerned,  (science  had  then  few, 
if  any,  real  votaries  other  than  those  who  were  incidentally 
enabled  to  prosecute  their  studies  in  the  intervals  of  other 
professional  labor,)  Mr.  Bache  entered  upon  his  new  duties 
with  confidence.  But  he  found  his  position  one  in  which  such 
moral  support  could  afford  but  little  aid.  Internal  disorgani- 
sation, insubordination  and  dissension  embarrassed  him  on 
the  one  hand ;  and  the  distrust  and  unconcealed  animosity  of 
the  Secretary  shackled  him  on  the  other.  These  were  circum- 
stances to  evoke  and  make  manifest  the  true  greatness  of 
the  man. 

Mr.  Uassler,  his  predecessor,  was  a  man  of  high  attainments 
and  ability,  whose  scientific  management  of  the  work,  which 
he  had  himself  initiated,  had  won  universal  approbation.  He 
had  emigrated  to  this  country  from  Switzerland  at  the  very 
beginning  of  the  century,  and  had  brought  with  him  ideas  of 
scientific  accuracy  and  thoroughness,  which  the  public  mind  in 
America  was  not  yet  sufficiently  enlightened  to  appreciate,  or 
even  to  understand.  He  gave  to  the  Survey  the  chief  energies 
of  his  life,  and,  undeterred  by  its  suspension  for  nearly  fifteen 
years,  resumed  its  prosecution,  when  permitted  anew,  with  the 
same  zeal  which  had  marked  its  inception.  In  Mr.  Bache's 
w(»ds,  *^  For  his  successful  struggle  against  great  difficulties, 
his  adopted  oountry  will,  no  doubt,  honor  his  memory,  as  the 
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pioneer  in  a  usefbl  national  undertaking."  On  the  other  hand, 
he  was  a  man  of  great  eccentricity  of  manner,  and  not  endowed 
with  administrative  ability.  Science  was  at  a  low  ebb  among 
Americans  when  he  came  to  our  shores,  and  but  few  received 
the  benefit  of  the  scientific  knowledge  which  he  brought  with 
him.  Excepting  Nicollet,  himself  a  foreigner,  and  Dr.  Patter- 
son of  Philadelphia,  Hassler  appears  to  have  little  acquaint- 
ance, and  still  less  personal  intercourse,  with  learned  men  in 
the  United  States.  The  scientific  development  of  the  country 
seems  to  have  gone  on  unperceived  by  him ;  and,  to  quote  the 
words  of  one  who  knew  him,  "  he  died  in  the  belief  that  the 
nation  as  a  whole,  was,  in  1843,  where  he  had  found  it  in  1801, 
so  far  as  its  science  was  concerned."  Comparatively  few  native 
Americans  obtained  employment  on  the  Survey  under  him,  and 
one  of  his  siurveying  party  has  informed  me  that  he  himself 
was  the  only  man  of  that  party  who  spoke  English  habitually. 
His  scientific  affliations  were  exclusively  transAtlantic,  and 
while  he  seems  to  have  entertained  a  sort  of  general  affection 
for  his  adopted  country,  he  apparently  looked  upon  Americans 
as  necessarily  tyros  in  scientific  matters,  and  deemed  the 
refinements  and  elegancies  of  the  higher  Geodesy  matters 
entirely  beyond  their  comprehension.  When  on  one  occasion 
he  had  applied  for  an  increase  of  salary,  the  Secretary  of  the 
Treasury,  upon  whom  he  was  urging  his  claim,  is  said  to  have 
replied,  ''  Why,  Mr.  Hassler,  that  is  as  much  as  I  receive  my- 
self ; "  to  which  with  charming  frankness  he  replied,  in  strong 
Swiss  accent,  "  What  if  it  is !  Any  President  can  create  a 
Secretary  of  the  Treasury ;  but  only  the  Almighty  can  make 
a  Superintendent  of  the  Coast-Survey." 

"At  the  time  of  Hassler's  death,"  I  quote  the  language  of  a 
distinguished  ofiScer  of  that  period,  "  the  condition  of  the  Coast 
Survey  was  anomalous  and  Ishmaelitish.  Every  man's  hand 
was  against  his  neighbor.  Hon.  John  C.  Spencer,  the  Secre- 
tary of  the  Treasury,  was  the  real  head  of  the  Survey ;  and  the 
principal  assistants  reported  directly  to  him,  and  not  to  Mr. 
Hassler,  who  was  thus  reduced  to  the  position  of  nominal 
Superintendent,  but  the  real  Chief  only  of  the  primary  trian- 
gulation  party." 

Mr.  Spencer  was,  as  I  have  said,  strongly  opposed  to  Mr. 
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Bactie's  appointment.  He  favored  the  claims  of  the  senior 
assistant.  The  two  assistants,  next  in  order  of  appointment 
advocated  the  same,  desiring  to  see  the  principle  of  succession 
bj  seniority  established.  Other  assistants  urged  yet  other 
men,  bat  none  favored  Mr.  Bache.  After  his  appointment, 
four  of  the  eight  yielded  their  cooperation,  as  did  a  fifth  after 
a  lime,  but  the  others  were  as  ingenious  as  they  were  active,  in 
devices  for  establishing  and  maintaining  a  system  of  petty 
persecution.  Never  was  magnanimity  more  grandly  exhibited 
than  in  Mr.  Bache's  course,  while  making  himself  Supennten- 
dent  in  fact  as  well  as  in  name ;  but  on  this  there  is  no  need 
to  dwell.  Blastrations  of  his  greatness  of  spirit  are  wanting 
at  no  x^eriod  of  his  career.  • 

Perhaps  I  may  best  illustrate  the  conciliatory  power  of  Mr. 
Bache,  and  the  magnanimity  of  Mr.  Spencer,  by  reading  to  you 
a  letter,  written  by  the  latter  at  the  time  of  his  resignation, 
being  only  five  months  after  Mr.  Bache  had  taken  charge  of 
the  Survey  in  opposition  to  his  wishes.  It  is  addressed  to 
Professor  Bache,  and  forms  a  fitting  pendant  to  the  other  let- 
ter, already  laid  before  you. 

Treasury  Department,  May  1st,  1844. 
Sir:  —  I  am  unwilling  to  leave  this  Department  without  communi- 
catiog  to  yon  the  great  pleasure  I  have  derived  from  the  intercourse 
which  has  subsisted  between  us  since  your  appointment  as  Superin- 
tendent of  the  Coast  Survey ;  and  my  conviction  of  the  great  service 
you  have  already  rendered  the  country  in  the  arrangements  made  for 
carrying  on  that  work.  The  system,  order  and  regularity  to  which 
yoQ  have  brought  the  complicated  and  difficult  operations  of  that 
great  work,  afford  the  strongest  assurance  that  it  will  now  proceed 
with  vigor  and  despatch,  as  well  as  with  economy.  My  thorough 
knowledge  of  all  your  difficulties,  plans  and  improvements,  derived 
from  the  intimate  communications  that  have  been  maintained  between 
OS,  iuattfy  me  in  saying,  that  in  my  opinion  the  work  could  not  be 
entrusted  to  more  capable  and  judicious  hands  than  yours.  I  shall 
look  forward  with  great  anxiety  to  the  accomplishment  of  those  great 
results  which  I  am  confidently  anticipating  in  the  successful  prosecu- 
tion of  your  very  laborious  and  highly  responsible  undertaking. 
With  great  respect  and  esteem, 

Your  ftiend  and  servant, 

Prot  A-  D.  BaCHB,  J.  C.  8PENCBE. 

Snp^  Coast  Sunrey. 

•    4 


26  ADDRESS  IK  COMMBMORATION  OF 

In  these  five  short  months  the  moral  and  intellectaal  power  of 
Baehe  had  not  only  triumphed  over  the  obstacles  which  the  Sec- 
retary mentions,  but  over  the  numberless  misrepresentations  to 
which  he  had  at  first  lent  an  ear ;  and  finally  over  the  Secretary 
himself,  whose  manliness  forbade  him  to  retire  to  private  life 
without  first  leaving  a  public  record  to  remedy  any  previous  in- 
justice. He  had  regarded  and  described  Bache  as  a  "  mere  col- 
lege professor,"  without  practical  administrative  ability,  or  any 
special  qualification  for  the  Coast-Survey.  But  he  saw  and 
acknowledged  the  error,  and  remained  his  fast  friend  until  death. 

Six  months  thus  passed  in  establishing  authority,  and  in 
learning  the  precise  condition  of  the  work  which  he  had  under- 
taken to  prosecute,  and  regarding  which  the  continued  ill  will 
of  the  three  senior  assistants  and  the  chaotic  condition  of  its 
affairs,  had  at  first  thwarted  his  endeavors. 

But  at  last,  freed  from  the  influences  of  internal  disorder  and 
dissension, — having  gained  the  confidence  of  the  Treasury 
Department,  having  established  discipline  with  the  three  insub- 
ordinate assistants,  without  any  manifestation  of  unMndness 
on  his  own  part,  and  having  secured  the  respect  and  cordial  re- 
gard of  the  other  ojfficers  of  the  Survey, — Professor  Bache  was 
able  to  apply  his  energies  with  effect  to  the  development  and 
prosecution  of  the  great  undertaking  before  Mm. 

The  first  step  was  to  enlarge  the  scope  of  the  work,  avoid 
sectional  jealousies,  and  accelerate  its  execution,  by  dividing 
the  coast  into  sections,  in  each  of  which  a  base-line  should 
be  measured  and  the  triangulation  extended  in  opposite  direc- 
tions from  this  base  to  the  confines  of  the  section,  where  the 
work  of  the  adjacent  one  would  meet  it ;  each  thus  testing  the 
other.  The  advantages  thus  gained  in  soothing  prejudices, 
already  serious  in  those  States  which  the  connected  primary 
triangulation  of  his  predecessor  had  not  yet  reached,  was 
greater  than  I  can  describe,  and  conduced  in  no  small  measure 
to  the  public  favor  and  support,  which  his  tact  and  discretion, 
even  more  than  his  scientific  power,  soon  won  for  the  Coast- 
Survey.  Within  the  first  year,  the  operations  of  the  Survey 
were  carried  on  in  nine  States  of  the  Union ;  within  the  second, 
in  twelve ;  within  the  third,  in  fourteen,  notwithstanding  the 
withdrawal  of  all  the  army  officers,  on  account  of  the  Mexican 
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war;  and  within  the  fourth  year  in  seventeen, — the  Atlantic 
and  Golf  coast  having  been  divided  into  nine  sections,  a  divis- 
ion still  retained. 

The  first  season  was  in  a  great  degree  devoted  to  the  trial  of 
instnunents  and  methods.  The  thirty-inch  theodolite  was,  and 
is  to  this  day,  a  truly  serviceable  instrument,  but  the  astro- 
nomical apparatus  belonged  to  a  by-gone  era.  To  Lieutenant 
T.  J.  Lee,  and  to  Mr.  Boutelle,  both  of  them  gentlemen  of 
experience  in  practical  observation,  was  assigned  the  duty 
of  testing  the  instruments  available  for  latitude-determinations, 
the  chief  of  which  was  a  Borda's  repeating  Circle.  Aftec  a 
summer  of  faithful  and  repeated  trials  they  reported  that  their 
best  results  for  latitude  had  been  obtained  with  the  vertical 
circle  of  a* six-inch  Gambey  theodolite,  which  they  had  bor- 
rowed. There  were  three  transit-instruments,  two  of  them  five 
feet  long,  and  the  third  and  best  of  the  three,  only  two  feet.  All 
proved  unequal  to  the  demands  of  geodetic  astronomy  in  1844, 
and  were  soon  replaced  by  instruments  of  more  modem  con- 
struction. Observations  of  the  dip  and  variation  of  the  needle, 
and  of  the  intensity  of  terrestrial  magnetism,  were  introduced 
as  part  of  the  regular  routine.  So  too  were  observations  of  the 
tides.  The  emplojrment  of  solar  observations  for  determining 
azimuths  was  exchanged  for  observations  of  the  pole-star  at 
both  elongations.  The  form  of  geodetic  signals  invented  by 
Mr.  Borden,  and  used  by  him  in  the  trigonometrical  survey  of 
Massachusetts,  was  substituted  for  that  previously  used ;  and 
is  still  regarded,  by  common  consent,  as  the  most  accurate  and 
convenient  form  ever  devised. 

As  rapidly  as  means  allowed,  the  services  of  American  sci- 
entists throughout  the  land  were  enlisted  in  aid  of  the  Survey, 
and  the  whole  intellectual  resources  of  the  country  thus  made 
tributary  to  its  useftdness  and  success.  Thus  Walker,  Peirce, 
Bailey,  Agassiz,  Barnard,  Kendall,  Mitchell,  Bond,  Alexander, 
and  many  others  were  called  on  to  assist  in  the  advancement 
of  the  undertaking ;  and  this  large  and  wise  policy  prevailed 
during  the  whole  x)eriod  of  his  superintendence.  Various  other 
institutions  took  the  name  "  national,"  but  there  was  only  one 
really  national  scientific  institution  for  the  first  twenty  years  of 
Ms  administration,  and  that  was  the  United  States  Coast-Survey. 
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As  the  work  gradually  expanded  under  his  guidance,  many 
of  the  ablest  officers  of  the  Army  and  Navy  were  brought  into 
the  Coast-Survey  service.  They  found  an  opportunity  for  the 
use  and  development  of  their  powers  which  otherwise  might 
long  have  remained  wanting,  and  gladly  served  under  a  civilian 
who  manifested  such  a  knowledge  of  men,  and  such  a  capacity 
for  usii^  them.  It  is  surprising  to  see  how  many  of  our  ablest 
military  and  naval  officers  found  employment,  and  attained 
distinction,  in  the  Coast-Survey.  Of  the  army,  I  need  only 
mention  the  present  Chief  of  the  Engineer-Corps,  General 
Humphreys,  the  worthy  follower  of  Totten,  Generals  Stevens, 
Foster,  Prince,  CuUum,  Cram,  Hunt, — so  too  Johnston  and 
Hill,  whose  intellectual  powers  were  then  enlisted  in  their 
country's  service.  Of  the  navy,  among  others, — ^Vice  Admiral 
Port^,  the  two  Rodgerses,  Davis,  Gilliss,  Sands,  Craven,  Am- 
men  and  Luce.  During  our  late  war,  a  large  majority  of  the 
most  useM  commanding  officers  of  the  navy  had  served  upon 
the  Coast-Survey,  and  they  did  not  hesitate  to  assert  that  their 
experience  there  had  been  of  the  highest  service  to  them  in  the 
naval  duties  of  the  war. 

In  the  second  year  of  Bache's  administration  the  base-appara- 
tus was  perfected  by  him,  the  Zenith  Telescope  first  employed 
in  the  Coast-Survey  for  the  determination  of  latitude,  and  the 
exploration  of  the  Gulf-stream  commenced.  In  the  third, 
the  magnetic  telegraph  was  first  introduced  as  a  regular  geo- 
detic method  for  the  determination  of  longitude,  anci  a  special 
party  organized  under  Mr.  Walker  for  the  prosecution  of  lon- 
gitude-operations. In  the  fourth  year,  a  chronbmetic  expedition 
was  organized  for  the  better  determination  of  the  transAtlantic 
longitude,  and  the  method  of  star-signals  adopted  for  tele- 
graphic measurements, — a  method  "  destined,"  to  use  Walker's 
own  words  to  this  Association,  '^  sooner  or  later  to  perfect  the 
geography  of  the  globe."  The  system  of  magnetic  and  tidal 
observations  had  then  attained  an  extended  development ;  and 
arrangements  were  already  in  progress  for  the  measurement  of 
two  arcs  of  the  meridian,  and  one  of  a  parallel  of  latitude. 

I  will  not  undertake  any  detailed  narration  of  the  successive 
stages  in  the  development  of  the  Survey  under  Professor 
Bache ;  but  a  few  words  may  be  deemed  not  amiss  regarding 
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some  of  the  more  marked  steps  in  its  progress.  The  apparatus 
for  the  measuiement  of  base-lines,  devised  by  Professor  Bache 
in  1845,  and  constructed  by  Wiirdemann,  whose  services  had 
even  at  that  early  day  been  secured  for  the  Coast-Survey,  and 
to  whose  exquisite  skill  and  ingenuity  many  of  the  details  are 
due,  attained  a  degree  of  excellence  before  unknown.  It  can 
be  safely  asserted  tbat  with  this  apparatus,  under  Bache's  skilful 
manipulation,  the  practical  sources  of  error  became  less  than 
the  theoretical,  or,  in  other  words,  that  a  line  could  be  meas- 
ured with  such  precision  that  the  uncertainty  arising  from  all 
errors  of  ev^ry  kind,  incurred  in  the  measurement,  was  less  than 
the  uncertainty  in  the  length  of  the  standard  of  measurement. 
This  wondrous  accuracy  was  attained  by  the  introduction  of 
two  new  principles,  both  due  to  Professor  Bache. 

Owing  to  differences  of  specific  heat  and  •conducting  power, 
different  metals  subjected  to  the  same  circumstances,  do  not 
change  their  temperatures  with  equal  rapidity.  Consequently 
an  apparatus  constructed  for  perfect  compensation  by  the  joint 
employment  oT  brass  and  iron,  on  the  principle  of  the  gridiron 
{>endultoi,  may  not  be  correctly  compensated,  so  as  to  remain 
of  unvarying  length  during  a  change  of  temperature,  which  is 
in  fact  the  very  condition  which  natiu-ally  exists  at  the  time  of 
use.  By  numerous  experiments  Bache  succeeded  in  so  arran- 
ging the  cross-sections  of  the  bars,  that  while  the  extent  of  their 
surfaces  remained  the  same,  their  masses  should  be  inversely  as 
their  specific  heats,  allowance  being  made  for  their  conducting 
powers.  The  same  varnish  being  applied  to  the  surface  of  each, 
in  order  to  confer  equal  absorbent  capacity,  the  compound 
bar  must  then  retain  the  same  length,  not  merely  at  all  tem- 
peratures, but  during  all  changes  of  temperature. 

The  other  principle  which  he  introduced  consists  in  the  sub- 
stitution of  actual  for  optical  contact,  thus  dispensing  with  the 
use  of  microscopes,  a  practical  gain  of  great  value  in  the  field. 
The  contact-level  of  Bessel  finds  here  an  appropriate  applica- 
tion ;  the  agate  plane,  carried  indirectly  by  the  compensation 
lever  which  connects  the  brass  and  iron  at  their  f^ee  .ends, 
abuts  against  an  upright  lever  on  the  other  bar,  which  trans- 
mits the  pressure  to  the  contact-level. 

A  description  of  this  exquisite  apparatus  was  given  to  this 


30  ADDRESS  IN  COMMEMORATIOK  OF 

Association  at  its  Washington  meeting  by  our  lamented  col- 
league, the  late  Major  Hunt  of  the  United  States  Engineers. 
At  Bodie's  Island  in  North  Carolina,  Professor  Bache  measured 
a  base-line  six  and  three-fourths  miles  long,  in  ten  working 
days,  with  a  total  probable  error  of  less  than  one  tenth  of  an 
inch.  On  one  day  at  this  time,  1692  meters,  or  one  and  a  six- 
teenth miles,  were  measured  in  eight  and  a  half  hours.  In 
measuring  the  base  on  Epping  Plains  in  Maine,  8716  meters 
long,  the  probable  error  committed  was  less  than  sixteen 
millimeters ;  and  the  probable  error  of  any  distance  in  the 
primary  triangulation  of  the  New  England  States  is  to  its  total 
length,  as  1  to  288000. 

The  determination  of  latitudes  with  the  Zenith  Telescope  by 
Talcott's  method  was  first  tested  in  1845,  and  proved  so  far 
superior  to  any  other  known  means  of  determination  possible 
in  the  field,  that  it  was  adopted  by  Professor  Bache  for  the 
Coast-Survey  operations.  I  need  not  tell  you  of  the  excel- 
lences and  precision  of  this  method,  for  it  is  now  more  than 
twenty  years  since  the  attention  of  astronomers  was  first  called 
to  it,  while  the  annual  Reports  .of  the  Coast-Survey,  and  numer- 
ous communications  to  scientific  periodicals  in  this  country, 
have  famished  continual  illustration  of  its  preeminent  merit. 
And  in  a  recent  number  of  the  Proceedings  of  one  of  the  lead- 
ing scientific  societies  of  Europe,  published  in  this  very  year, 
1868,  attention  is  called  to  the  Coast-Survey  method  as  a  very 
excellent  one,  and  well  deserving  of  a  trial  I  Here,  too,  as  with 
the  base-apparatus,  a  degree  of  accuracy  is  attainable  in  obser- 
vation, surpassing  that  afforded  by  the  fundamental  data ;  so  that 
not  the  errors  of  instrument  or  observer,  but  those  of  the  star- 
declinations,  limit  the  correctness  of  our  results.  To  Bache  we 
owe  the  recognition  and  adoption  of  this  transcendent  method, 
and  to  him  also  those  refinements  of  process  and  improvements 
of  apparatus,  by  which  alone  its  accuracy  is  rendered  possible. 

To  the  telegraphic  determination  of  longitudes,  and  the 
development  of  the  method  of  star-signals,  I  have  already 
alluded.  The  latter  was  soon  found  applicable,  with  almost 
equal  advantage,  to  the  regular  obser^^ation  of  transits  in  fixed 
observatories,  and  all  the  apparatus  devised  for  the  one  pur- 
pose answered  with  equal  aptitude  for  the  other. 
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The  simple  and  easy  process  of  making  telegraphic  compari- 
sons of  clocks,  whose  respective  errors  are  determined  by  local 
obserration,  was  early  discarded  in  spite  of  its  tempting 
ilsudlity,  since  the  apparent  accordance  of  results  thus  obtained 
soon  showed  itself  illusive.  Bache's  rule  in  the  Coast-Survey 
was  that  all  the  scientific  work  should  be  executed  in  the  most 
thorough  and  accurate  manner  which  the  resources  of  science 
and  art  would  permit.  He  never  shunned  a  tenfold  labor,  if  it 
was  to  be  repaid  by  double  precision,  accepting  the  great  prin- 
ciple which  prescribes  a  higher  rate  of  effort  as  we  climb  to 
higher  d^rees  of  refinement.  Nor  did  another  great  law 
which  the  histoiy  of  science  has  taught  fh)m  the  beginning, 
and  is  teaching  now,  fail  of  its  continual  application  and  illus- 
tration ;  just  as  it  will  not  fail  hereafter,  unless  all  inferences 
from  experience  are  fUtile.  This  law  ordains  that  the  con- 
scientious investigation  of  truth  for  its  own  sake  shall  be 
rewarded  by  some  unforeseen  practical  benefit.  The  struggle 
to  attain,  at  whatever  effort  it  may  cost,  all  possible  accuracy 
throughout  those  investigations  whose  value  is  dependent  on 
their  precision,  finds  imexpected  recompense  in  new  clueS  to 
phenomena  before  unknown,  and  in  the  disclosure  of  new 
laws.  Thus  it  was  that  the  method  of  star-signals  led  to  the 
method  of  telegraphic  registration,  now  universal  in  observa- 
tories. 

This  important  advance  in  practical  astronomy  received  its 
fall  development  in  the  Coast-Survey.  There,  long  years  ago, 
its  methods  were  brought  to  the  same  degree  of  refinement  and 
completeness  of  detail,  which  they  have  but  recently  attained  in 
Germany.  The  precautions  requisite  in  observing,  the  study  of 
personal  equations  both  in  noting  the  transits  and  in  reading 
the  records,  th^  modes  by  which  the  clock  can  best  be  made  to 
graduate  the  time-scale,  the  various  forms  of  chronograph  for 
nmintAJniTig  that  timc-scale, — all  sprang  from  the  Coast-Survey, 
and  received  their  frill  development  either  from  the  regular  offi- 
ces of  the  Survey,  or  from  others  acting  temporarily  as  assist- 
ants. Among  the  earliest  results  of  this  method  as  applied  to 
the  measure  of  longitudes  were  the  discovery  that  the  time  re- 
quired for  the  transmission  of  signals  by  electric  telegraph  was 
appreciable,  and  therefore  measurable,  and  the  determination  of 
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their  velocity.  These  investigations  and  results  were  of  course 
not  all  of  them  due  to  Bache  directly  or  alone,  but  none  the 
less  were  they  due  to  him.  Not  merely  to  the  general  expansion 
which  he  gave  to  the  operations  under  his  direction ;  not  merely 
to  the  large  policy,  according  to  which  he  secured  astronomers 
for  astronomical,  physicists  for  physical,  and  mathematicians 
for  mathematical,  research.  These  would  indeed  have  been 
ample  grounds  on  which  to  claim  for  him  a  large  share  of  the 
honor  due  for  valuable  discoveries  and  successftd  applications. 
But  in  fact  his  personal' relation  to  the  results  was  far  closer. 
He  knew,  understood  and  guided,  even  when  one  or  more  other 
minds  were  active  between  him  and  the  results.  Accomplished 
himself  in  practical  observation,  skilful  in  experiment,  thor- 
oughly acquainted  with  the  progress  of  all  the  larger  investiga- 
tions prosecuted  by  others  under  his  direction, — he  was  no 
administrative  officer  in  that  too  frequent  employment  of  the 
term,  which  dispenses  with  the  understanding  of  work  directed 
to  be  done  by  others,  and  actually  makes  the  words  "  adminis- 
trative "  and  ''  executive "  to  denote  opposite  qualities.  Day 
by  day,  step  by  step,  in  the  successive  detection  of  principles, 
elaboration  of  methods,  discovery  of  facts,  he  was  in  constant 
intercourse  with  the  investigator, — stimulating  his  zeal,  encour- 
aging his  hope,  suggesting  new  ideas  or  infVising  needftil  cau- 
tion. Yet  with  unfailing  magnanimity  he  never  claimed  in 
such  cases  any  personal  honor  for  success,  nor  did  he  disown 
any  personal  responsibility  for  failure.  May  I  be  allowed  to 
repeat  a  sentence  which  I  addressed  to  this  Association  fifteen 
long  years  ago,  when  we  mourned  together  over  the  loss  of 
Walker,  and  you  had  called  on  me  to  recount  his  honorable 
deeds  ?   In  speaking  of  the  method  of  star-signals,  I  then  said : 

<*  Mr.  Walker  has  informed  me  that  this  suggestion  was  due  to  the 
Superintendent  of  the  Survey,  bat  its  practical  application  seems  to 
have  been  a  result  in  the  elaboration  of  which  the  two  bore  an  equal 
part.  At  least  I  may  be  permitted  to  state  the  still  more  honorable 
fact,  that  in  the  very  many  conversations  which  it  has  been  my  privi- 
lege to  hold  with  each  of  the  two  gentlemen  separately  upon  this 
interesting  question,  their  descriptions  varied  but  in  one  salient  point, 
namely,  that  each  ascribed  the  chief  merit  to  the  other." 

Thus  by  the  use  of  the  Zenith  Telescope,  combined  with  the 
determination  of  longitudes  from  the  adopted  meridian  by  the 
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exdumge  of  star-signals,  the  geographical  position  of  the  pri- 
maiy  astronomical  stations  of  the  Survey  could  claim,  ten  or 
fifteen  years  ago,  to  be  determined  with  more  accuracy  than 
that  of  any  European  observatory. 

The  temptation  is  strong  to  recount  the  similar  advances 
jaade  thsongh  Bache's  administration  of  the  Coast-Survey,  in 
almost  every  department  of  physical  science.  Not  only  Ge- 
odesy and  Astronomy  were  thus  made  gainers  by  new  methods 
and  implements  of  research,  but  other  sciences  were  similarly 
promoted  and  their  advancement  stimulated. 

Stations  for  tidal  observation  were  established  all  along  the 
Atlantic,  Gulf  and  Pacific  coasts.  Self-registering  tide-gauges 
(the  invention  of  the  ingenious  Saxton,  whose  invaluable  ser- 
vices Bache  early  secured,  and  retained  to  the  last),  were 
broo^t  into  extensive  use.  Our  knowledge  of  tidal  phenom- 
ena and  laws  assumed  new  proportions,  and  by  unwearying 
persistence  in  questioning,  the  secret  of  many  a  mystery  in 
their  complicated  action  was  extorted.  The  character  of  the 
ocean  currents  along  our  coasts  was  determined,  and  their 
causes  elicited.  All  along  the  shores  of  the  Atlantic,  Pacific 
and  Galf  of  Mexico,  beyond  the  lines  of  soundings,  the  deep- 
sea  lead,  and  the  deep-sea  thermometer  were  busily  plied  by 
the  exploring  vessels  of  the  Survey,  while  the  immediate  coast 
was  fringed  with  a  ne't-work  of  soundings, — the  deep-sea  lead, 
thermometer  and  sounding  lines  all  being  at  the  same  time 
essentially  improved.  Twice  was  Agassiz  sent  to  study  the 
coral  reefs  of  Florida,  to  discover  the  ^method  of  their  forma- 
tion and  the  laws  which  promote  and  restrict  their  growth. 
The  most  accomplished  students  of  the  inflisoria  were  kept 
supplied  with  specimens  from  the  dredge  and  sounding  line  for 
their  microscopes.  The  magnetic  instruments  were  improved, 
and  the  magnetic  constants  determined  for  every  important 
point  possible,  within  the  reach  'of  the  Survey. 

The  exploration  of  the  Gulf-stream,  commenced  in  1844, 
was  vigorously  prosecuted,  its  temperature  at    the    several 
depths  determined,  and  its  structure  and  laws  for  the  first  time 
detected.     The  cold  wall  of  water  between  the  Gulf-stream 
and  the  shore,  as  also  the  divisioA  of  the  stream  proper  into  alter- 
nate bands  of  warmer  and  cooler  wdter,  were  discovered,  meas- 
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ured  and  mapped  out  for  the  benefit  of  navigators  and  the  use 
of  scientists.  So  too  were  a  series  of  nearly  parallel  ranges  of 
hills  at  the  bottom  of  the  stream,  the  most  westerly  being  1500 
feet  high,  and  the  whole  forming  a  series  of  corrugations  cor- 
responding with  the  bands  of  warm  and  cold  water.  The  facts 
that  the  general  direction  of  the  stream  is  governed  ^y  the 
configuration  of  the  bottom  and  that  the  temperature  varies  from 
year  to  year,  thus  standing  in  an  important  relation  to  the 
meteorological  phenomena  of  the  coast,  were  also  detected. 
These  discoveries  were,  in  a  large  degree,  made  by  Mr.  Bache 
individually,  upon  a  study  of  the  observations,  although  no 
small  share  in  them  justly  belongs  to  Professor  Trowbridge. 
In  the  year  1860,  foiuiieen  sections  of  the  stream  had  been 
surveyed,  300  positions  upon  them  occupied,  and  3600  obser- 
vations of  temperature  made.* 

But  I  must  not  continue  in  this  strain.  That  Bache  touched 
no  question  of  science  which  he  did  not  adorn  with  new  dis- 
coveries and  new  means  of  attaining  yet  farther  ones, — that 
the  range  of  the  Survey  was  made  to  cover  almost  the  whole 
range  of  physical  science,  from  the  structure  of  the  microscopic 
dwellers  in  the  bed  of  the  ocean,  up  to  the  improvement  of 

*DariDg  Professor  Bache's  Superintendence  of  the  Coast-Survey,  the  positions 
of  9816  geodetic  stations  were  trigonometrically  determined. 
4U60  triangulation-stations  were  occupied. 
3G7  magnetic-stations  were  occupied. 

68  base-lines  were  measured,  being  160  statute  miles  in  total  length. 
102  longitudes  were  astronomically  determined. 
151  latitudes       "  «    "  " 

82  azimuths      "  "  " 

12800  square  miles  of  area  were  topographically  suireyed. 
88850      "         "      "     "       "     hydrographicaliy     " 
7222449  soundings  were  taken. 

7500  specimens  of  l>ottom  were  obtained  and  preserved. 
1030  tidal  stations  were  occupied. 
133  shoals  and  reef^  were  discovered  and  determined. 
41  impoi-tant  channels  were  discovered  and  their  changes  determined. 
1020  current  stations  were  occupied. 
970  topographical  snap-sheets  were  constructed. 
877  hydrographical        "  "  ^" 

270222  sheets  of  charts  were  printed. 
In  addition  to  these  the  positions  of  many  hundreds  of  isolated  rocks,  ledges 
and  shoals  were  for  the  flrst  time  accurately  determined. 

The  party  directed  by  Professor  Bache  in  person  occupied,  during  the  same 
period,  40  primary  triangulation-stations,  measui'ed  6  base-lines,  of  which  the 
aggregate  length  was  33  statute  mUes,  and  determined  astronomically  5  longi- 
tudes, 28  latitudes,  81  azimuths. 
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lunar  tables  and  the  determination  of  positions  of  fundamental 
stars, — you  all  well  know. 

I  have  said  that  to  him  the  scientific  progress  of  the  nation 
is  indebted,  more  than  to  any  other  man  who  has  trod  her  soil. 
Kor  was  this  bold  statement  made  in  forgetfulness  or  ignorance 
of  the  great  debt  we  owe  to  many  illustrious  men.  Nor  do  I 
fear  that  any  of  yon  who  know  his  services  will  think  it  over- 
strained or  ill-considered.  I  call  yon  to  witness  that  it  is  true ; 
that  not  his  great  ancestor  who  outvied  Prometheus,  not  the 
statesmen  who  have  guided  the  legislation  of  the  republic,  not 
all  the  educators,  who  have  shaped  the  policy  of  its  colleges 
and  schools,  not  all  the  great  masters  in  physics  or  mathemat- 
ics, zoology  or  geology,  have  so  effectively,  widely  or  intensely 
stimulated  the  advancement  of  science  in  America,  as  Bache 
did  through  the  agency  of  the  Coast-Survey.  What  was  the 
branch  of  physical  science,  which  was  not  called  upon  to  min- 
ister to  the  Survey,  or  which  failed  to  receive  an  impulse  from 
it  in  return  ?  Had  the  chief  object  of  this  work  been  the  pro- 
motion of  scientific  research,  it  could  not  have  been  more 
effectively  aimed  at,  or  attained. 

Addressing  a  scientific  body  on  the  scientific  career  of  our 
departed  leader,  it  is  only  from  this  especial  point  of  view  that 
I  have  considered  his  administration.  But  that  would  be  a 
very  one-sided  presentation  of  the  facts,  and  one  eminently  un- 
just to  his  memory,  which  should  leave  on  a  single  mind  the 
impression  that  the  scientific  researches  or  influences,  of  which 
I  have  spoken,  were  attained  at  the  sacrifice,  or  disregard  in  the 
slightest  degree,  of  those  important  practical  purposes  for 
which  the  Coast-Survey  was  established  and  supported.  So 
too  would  it  be  unpardonable  to  omit,  from  the  recital  of  his 
services  and  achievements,  the  work  he  did  for  commerce,  for 
the  national  defence,  and  for  the  development  of  national 
resoorces.  All  this  he  accomplished  the  more  thoroughly  and 
the  more  economically,  in  that  he  called  to  his  aid  the  re- 
sources of  the  highest  science.  Although  embarrassed  by 
difficulties  peculiar  to  our  own  country  and  offset  by  few  cor- 
responding advantages,  his  survey  of  the  Coast  of  the  United 
States  may  challenge  comparison,  as  regards  its  completeness 
and  thoroughness,  with  any  geodetic  or  hydrographic  work 


86  ADDRESS  nr  GomcEXORATieir  of 

ever  executed.  The  ocean  currents  have  been  explored  with 
untold  gain  to  our  seamen,  the  variation  of  the  needle,  and  its 
rate  of  change,  determined  with  unsurpassed  precision  along 
.  the  three  seaboards  of  our  country,  the  tidal  laws  so  well  deter- 
mined that  the  tide-tables  published  by  the  Survey  for  many 
years  have  been  found  conformable  with  observation  to  a 
degree  previously  unattained  in  any  part  of  the  world,  the 
heights  of  mountains  and  the  depths  of  oceans  measured  and 
mapped  out, — and  all  this  accomplished  at  a  cost  inferior, 
almost  beyond  comparison,  to  that  of  similar  surveys  in  other 
countries.  As  has  been  well  said  by  Professor  Trowbridge,  the 
annual  cost  of  the  Survey,  at  the  time  of  its  most  extended 
activity  under  Mr.  Bache,  was  but  little  more  than  the  cost  of 
a  first-class  steamship.  It  never  reached  an  annual  cost  ap- 
proaching the  price  of  some  of  the  floating  palaces  which  plj 
upon  Long  Island  Sound,  or  up  the  Hudson.  Nor  was  there 
probably  a  single  year  of  the  twenty-three  years  of  Bache's 
superintendence,  when  the  discovery  of  reefs,  shoals,  currents, 
channels  or  rocks,  would  not  have  been  cheaply  purchased  by 
the  nation,  at  an  outlay  of  all  the  survey  ever  cost.  So  mueh 
it  may  not  be  amiss  to  say  upon  this  purely  practical  point, 
since,  though  of  course  needless  for  you,  it  might  not  be  so  for 
others  to  whose  eyes  these  words  may  come. 

But  his  benignant  influence  was  not  alone  exerted  through 
the  agency  of  the  Coast-Survey,  with  which  his  name  is,  and 
forever  will  be,  associated.  Can  any  of  us  forget  his  relation 
to  this  Association,  of  which  he  was  one  of  the  founders  ?  No 
man  surpassed  him  in  eflbrts  for  its  success.  Never  absent, 
never  without  some  tangible  proof  of  interest  and  good  wishes, 
— his  counsel,  more  than  that  of  any  one  man,  was  sought  on 
all  questions  of  policy,  and  his  opinion  received  with  unsur- 
passed respect.  Over  three  of  the  flfbeen  sessions  of  the  Asso- 
ciation held  during  his  life,  he  presided,  and  hither  he  brought 
the  annual  contributions  of  his  abundant  discovery. 

So  was  it  also  with  the  National  Academy,  the  complement 
and  coadjutor  of  this  Association.  There  too  he  was  a  found- 
er, the  most  active  member,  and  its  President.  And  but  for 
the  bitter  dispensation  which  cut  him  off  amid  his  useAilness 
and  honor,  his  well-known  voice  would  have  sounded  in  your 


ALBXA2II>MR  DA3LLAS  BACKS.  87 

ears,  eaUiag  on  both  institatioius  to  stand  fxin  by  one  another, 
mntoally  supporting,  mntuallj  dependent,  and  capable,  by  joint 
action  aikL  reciprocal  confidence,  of  acconaplishing  fourfold 
what  either  eould  do  alone. 

So  too  was  it  with  the  Smithsonian  Institution.  From  the 
beginning  he  was  a  Regent,  and  to  his  active  support  and 
earnest  endeavor,  more  than  to  that  of  any  other,  we  owe  it 
that  this  Institution,  und^r  its  present  honored  head,  has  been 
able  to  adopt  and  to  maintain  a  policy,  which  shall  make  it 
what  its  founder  intended:  ^'an  institution  for  the  increase, 
and  the  diffusion  of  knowledge  among  men."  It  is  safe  to  say 
that,  but  for  Bache,  Professor  Henry  would  not  have  assumed 
the  Secretaryship,  nor  have  been  willing  to  retain  it ;  and  but 
for  Bache,  his  wise  policy  would  in  all  probability  have  failed 
of  full  adoption. 

No  scientific  undertaking,  indeed,  failed  to  receive  firom  Mr. 
Bache  hearty  sympathy,  persotial  assistance,  and  whenever  cir- 
cumstances warranted,  official  support.  Gilliss's  Expedition  to 
Chile,  Kane's  and  Hayes's  Polar  expeditions, — all  of  which, 
like  many  others  on  a  minor  scale,  he  served  with  his  counsel, 
his  influence,  his  official  assistance  and  his  purse, — illustrate 
his  anxiety  to  aid  the  extension  of  human  knowledge. 

But  it  was  not  merely  by  his  ardent  love  of  science,  and  dis- 
interested devotion  to  her  welfare  that  he  accomplished  so 
much.  His  fertility  of  device,  imconquerable  assiduity,  large 
policy,  generous  impulses,  patriotic  devotion,  might  well  have 
coexisted  without  yielding  such  fruits  in  the  development  of 
the  Coast-Survey,  or  such  a  mighty  power  for  good  in  the  pro- 
motion of  science  throughout  the  United  States.  More  than 
these  was  needed ;  far  more  than  these  he  possessed.  It  would 
be  safe  to  say  that  the  greatest  of  all  his  mental  gifts  or  attain- 
ments were  his  marvelous  knowledge  of  human  nature  and  his 
unrivaled  skill  in  using  it.  He  had  studied  men,  as  he  once 
exfH^ssed  it  to.  me,  as  he  would  study  physical  phenomena. 
To  a  facalty  of  persuading  the  most  obstinate,  of  soothing  the 
most  irritable,  of  encouraging  the  most  disheartened;  to  a 
power  of  stimulating  the  indolent,  controlling  the  impulsive, 
winning  over  opponents  by  the  charm  of  his  manner,  and  con- 
firming Mends  by  the  truthfulness  and  sincerity  of  his  nature, 
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— he  added  that  rare  endowment,  which  imbued  others  uncon- 
sciously with  his  own  zeal.  His  was  what  might  be  called  a 
magnetic  nature,  for  his  companionship  evoked  latent  aspira- 
tions, and  pointed  to  noble  aims.  It  was  to  his  personal,  more 
even  than  to  his  scientific,  qualities,  that  the  Coast-Survey 
owed  the  recognition  of  its  importance  by  Congress  and  the 
people,  and  the  annual  provision  made  for  its  maintenance. 
He  knew  the  secret  of  obtaining  work  from  his  subordinates, 
by  doing  more  than  they  did.  His  desire  to  accomplish  much 
himself  led  him  during  half  the  year  into  the  field,  where  he  in 
person  performed  the  most  difficult  geodetic  operations ;  thus 
insuring  the  accuracy  of  the  portion  accomplished  by  himself, 
and  maintaining  such  an  intimate  acquaintance  with  the  prac- 
tical details  as  enabled  him  to  understand  the  real  needs  of 
those  engaged  in  similar  operations  elsewhere.  Annually  he 
made  tours  of  inspection  through  all  the  sections  accessible  to 
him.  He  took  a  personal  share  in  the  details  of  all  the  explo- 
rations; and  no  assistant,  permanent  or  temporary,  felt,  in 
entering  on  a  new  field,  that  his  duties  or  powers  were  clear 
before  him,  till  they  had  been  thoroughly  discussed  with  the 
Superintendent  in  person. 

The  qualities  in  which  he  manifested  a  high  order  of  genius 
were  especially  those  by  which  he  governed  men.  Had  his 
tastes  been  military  or  political,  instead  of  scientific,  none  the 
less  would  he  have  been  a  Chief.  It  may  safely  be  said  that 
by  no  act  of  his  life  did  he  ever  curtail  any  man's  means  of 
usefulness,  or  fail,  whenever  it  was  in  his  power,  to  render 
available  whatever  abilities  might  be  disclosed.  Justice  and 
even-handed  firmness  controlled  his  action.  No  man  was  ever 
readier  to  acknowledge  and  atone  for  a  wrong  done  by  him,  in 
thought  or  deed.  Cautious  in  plan,  bold  in  action,  generous 
without  impetuosity,  as  courteous  and  considerate  of  his  subor- 
dinates as  though  they  had  been  his  superiors,  ever  as  open  to 
conviction  as  to  argument,  such  was  his  noble  character.  With 
these  traits  was  united  a  feminine  tenderness  of  heart,  and  an 
intensely  S3rmpathetic  nature.  To  him  all  came  for  comfort  in 
personal  sorrow,  for  S3rmpathy  in  bereavement,  for  help  in 
calamity.  And  his  purse,  like  his  heart,  stood  open  to  his 
friends,  and  to  the  needy. 
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In  a  critical  analysis  of  bis  character,  the  traits  which  I  have 
jost  mentioned  would  occupy  the  most  prominent  place,  hut 
with  them  the  mention  of  one  other  quality  would  be  impera- 
tive.  I  allude  to  his  keen  appreciation  of  humor,  his  love  of 
pleasantly  and  jest,  and  his  social  geniality.  These  alleviated 
the  cares  of  severe  administrative  duty,  and  the  anxieties  in- 
separable fh>m  his  official  position, — peculiarly  great  in  our 
own  form  of  government,  where  the  needful  appropriations  are 
made  by  legislative  bodies  continually  varying,  and  where  the 
personal  hostility  of  a»  single  individual  may  be  made  the  occa- 
sion for  denunciation  of  a  national  work.  Without  his  social 
qualities,  and  his  power  of  banishing  at  will  the  oppression  of 
grave  cares,  his  precious  life  would  scarcely  have  been  spared 
one-half  so  long,  as  it  was  in  fact  vouchsafed  us.  This  love  of 
humor,  so  essential  in  a  well  balanced  mind,  was  his  in  no 
stinted  degree,  and  often  was  he  the  center  of  a  group  of  de- 
lighted Mends,  Whose  enjoyment  of  his  fun  was  scarcely 
exceeded  by  their  reverence  for  his  intellectual  and  moral 
worth. 

His  administration  of  the  Coast-Survey  was  by  no  means  an 
easy  one  in  its  political  relations.  For  many  years  there  was 
scarcely  a  session  of  Congress,  without  some  vehement  attack 
upon  the  Survey  in  each  House,  made  for  the  purpose  of  defeat- 
ing the  appropriations.  The  causes  of  these  were  various,  and 
many  of  them  will  occur  to  you  without  enumeration.  Hostili- 
ties growing  out  of  his  original  appointment  and  incapable  of 
being  allayed,  jealousies  on  the  part  of  other  institutions  pro- 
fessedly established  for  kindred  purposes,  resentments  on  the 
part  of  persons  subjected  to  discipline,  fiimished  fuel  for  the 
flame,  in  the  form  of  ready  assistance  to  whatever  threatened 
the  welfare  of  the  Survey,  come  from  what  quarter  it  might. 
At  one  period,  the  representatives  from  inland  districts,  im- 
pelled by  narrow  local  jealousy,  opposed  the  expenditure  of 
public  money  for  purposes  which  they  supposed  not  so  useful 
to  their  own  States  as  to  others.  At  another  time  certain 
naval  officers  disseminated,  to  a  considerable  extent,  the  im- 
pression that,  because  it  was  a  Coast  which  was  the  subject  of 
Survey,  the  work  should  be  placed  in  charge  of  nautical  men. 
At  still  another  date,  similar  claims  were  urged  in  behalf  of  the 
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anny.  But  the  minds  of  the  people,  and  of  their  legislators 
became  enlightened,  so  that  for  some  time  before  the  recent 
war,  the  facts  were  recognized,  that  the  services  rendered  were 
to  no  particular  State  so  much  as  to  the  nation,  and  that  the 
helpflil  aid  of  army  and  of  navy  were  alike  requisite,  as  well  as 
that  of  a  corps  of  civilians  trained  exclusively  to  the  work. 

One  of  the  most  violent  of  these  organized  attacks  was  made 
about  the  year  1849,  and  doubtless  resulted  in  permanent  good 
to  the  Survey,  from  the  multitude  and  earnestness  of  the  mani- 
festations which  it  called  forth  from  aM  parts  of  the  United 
States,  and  from  Europe.  The  learned  Societies,  the  Insurance 
offices,  Chambers  of  Commerce  and  Boards  of  Trade,  through- 
out the  land,  hastened  to  send  their  testimony  to  the  services 
which  it  was  rendering,  and  their  earnest  protests  against  any 
interference.  Men  of  the  highest  eminence  throughout  Europe 
joined  in  the  appeal.    In  August,  1849,  Schumacher  wrote  him : 

**  In  an  epoch  like  this,  where  everywhere  associations  are  formed 
for  material  interests,  it  is  high  time  that  we  also  onite  onr  forces,  to 
protect  the  higher  and  purer  scientific  interests.  .  .  .  You  will  see  by 
the  •inclosed  letters  of  our  common  friends,  Mr.  Arago  and  Baron 
Humboldt,  how  anxious  they  are  to  know  if  the  great  work  you  have 
undertaken  will  remain  in  the  hands  to  which  the  whole  scientific 
world  woald  have  intrusted  it.  Let  ns  hope  that  the  fear  they  enter- 
tain is  only  founded  upon  vague  rumors.  Your  country  must  be  proud 
to  call  you  her  own,  and  will  repay  you  in  gratitude  what  you  do  for 
her  scientific  glory." 

A  month  previous  Arago  had  written  to  their  common 
friend: 

**  There  is  a  rumor  here  that  Mr.  Bache  is  threatened  with  losing 
the  place  he  is  filling  in  so  distinguished  a  manner.  I  beg  of  you  to 
give  me  information  about  it,  so  that  we  can  Join  with  all  the  most 
distinguished  scientists  of  Europe  to  prevent  so  great  a  misfortune. 
The  ofl^cers  of  the  American  navy  are  proverbial  for  their  gallantry; 
they  know  perfectly  well  every  part  of  the  nautical  art;  still,  I  shall  do 
them  no  wrong  by  stating  that  Mr.  Bache  stands  higher  than  they  by 
a  hundred  cubits  in  matters  of  Geodesy,  and  Physics  of  the  Globe. 
And  I  will  prove  by  numerous  examples  how  very  use  Ail  it  is  even 
for  the  truth  of  the  results,  that  a  man  should  be  superior  to  the 
task  intrusted  to  him.'' 

So  also  Humboldt : 

"You  know  better  than  I  do  in  how  high  an  estimation  the  Direc- 
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tor  of  the  Snirey  of  the  Coast  stands,  not  only  among  ns,  but  among 
all  the  most  Ulostrioos  men,  who  in  France  and  England  are  interested 
in  the  stady  of  Geography  and  Nautical  Astronomy.  ...  In  a  region 
of  the  globe  where  the  direction  of  oceanic  currents,  the  difference 
of  temperature  produced  by  these  currents  and  by  the  upheaval  of 
flie  bottom,  and  the  direction  of  the  magnetic  curves  offer  so  im- 
portaat  phenomena  to  navigators, — such  a  great  work  could  not  be 
better  placed  than  in  the  hands  of  Dr.  Bache.  The  government  of 
the  United  States  has  acquired  a  new  right  to  our  gratitude  by  pro> 
tecting  nobly  this  that  has  already  fixed  the  attention  of  the  Hydro- 
graphers  and  Astronomers  of  Europe.  I  should  be  glad  to  think  that 
fai  a  coontry,  where  I  am  honored  with  so  much  regard,  my  feeble  tes- 
timony might  contribute  to.  enliven  the  interest  which  is  due  to  the 
excellent  labors  of  Dr.  Bache." 

The  President  of  the  Royal  Geographical  Society  of  London, 
in  his  Annual  Address  to  the  Society  in  1852,  commented  with 
expressions  of  strong  admiration  upon  the  practical  manage- 
ment of  the  Survey,  and  characterized  it  as  ^^  one  of  the  most 
perfect  exemplifications  of  applied  science  of  modem  times." 
And  six  years  later,  Murchison,  then  President  of  the  same 
Society,  in  his  address  presenting  to  him  the  great  gold  medal, 

used  this  language : 

* 

"Whether  we  regard  the  science,  skill  and  zeal  of  the  operators, 
the  perfection  of  their  instruments,  the  able  manner  in  which  the 
Soperintendent  has  enlisted  all  modem  improvements  into  his  service, 
the  care  taken  to  have  the  observations  accurately  registered,  his 
modest  and  unpretending  demeanor,  or  the  noble  liberality  of  the 
Government,  tempered  with  prudent  economy,  all  imprejudiced  per- 
sons must  agree  that  the  trigonometrical  Survey  of  the  United  States 
of  America  stands  without  a  superior." 

Such  expressions  as  these,  uttered  from  all  quarters  at  home 
and  abroad  whenever  the  work  was  menaced,  speedily  removed 
in  every  instance,  all  occasion  for  alarm  to  its  friends. 

The  last  serious  attack  was  in  1858,  when  Bache's  firm  and 
unyielding  defence  of  the  scientific  interests  at  stake  in  the 
well-known  contest  at  the  Dudley  Observatory,  was  the  occa- 
sion for  the  most  virulent  of  all  the  onslaughts  ever  made  upon 
lum.  At  first  it  was  supposed  that  by  the  inauguration  of  a 
regular  system  of  attack  upon  the  Survey,  Bache  would  be 
fiigfatened  firom  his  position  at  the  Observatory.  But  where 
either  m<»ral  principles  or  the  interests  of  science  were  involved 
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he  knew  no  fear,  and  what  was  commenced  as  a  means  of 
alarm,  was  continued  only  in  the  spirit  of  revenge.  The  daily 
press  was  filled  with  attacks  upon  the  Survey,  its  policy,  its 
value  and  its  Superintendent,  some  of  them  violent  and  some 
insidious.  Pamphlets  were  prepared  and  sent  to  members  of 
Congress  at  their  homes,  and  to  all  prominent  public  men  in 
Washington.  Relations  were  opened  with  former  opponents 
of  the  Survey,  and  with"  all  who  could  be  found,  supposed  to 
be  disaffected  towards  it  in  any  way.  It  is  a  source  of  peculiar 
regret  that  obvious  circumstances  preclude  me  from  entering 
into  many  particulars  and  illustrations  here,  which  others  might 
have  laid  before  you ;  and  which  would  place  in  strong  relief 
the  magnanimity,  the  force,  and  the  lofty  chivalry  of  spirit  in 
our  lost  leader.  He  stood  like  a  rock,  upon  which  the  storm 
beat  in  vain. 

**  O  iron  neire,  to  true  occasion  troe  I 
O  Allien,  at  lengUi,  that  tower  of  strength 
Which  stood  foui^square  to  all  the  winds  that  blew  I " 

It  will  forever  be  among  my  most  precious  memories  that  in 
that  time  of  trial,  it  was  my  privilege  to  receive  his  approval 
from  the  beginning.  The  very  last,  the  passive  abandonment 
of  the  moral  struggle,  when  physical  force  became  involved, 
was  the  only  step  which  failed  of  his  fhll  indorsement.  This 
was  to  me  the  greatest  pain  of  all ;  but  happily  dispersed,  when 
upon  farther  knowledge  of  the  circumstances,  his  opinion  was 
changed,  and  his  priceless  approval  extended  to  the  whole  of 
my  course  in  that  bitter  contest. 

A  year  later,  at  the  Springfield  meeting  of  this  Association, 
a  Report  on  the  History  and  Progress  of  the  American  Coast- 
Survey,  was  presented  by  a  committee  of  twenty  men  of  sci- 
ence not  connected  with  the  Survey,  and  who  had  been  ap- 
pointed for  the  purpose  at  a  previous  meeting.  Fortunately 
the  attacks  of  the  preceding  year  had  failed  of  their  effect,  in 
consequence  of  the  manifestly  personal  motives  which  inspired 
them,  and  of  their  evident  connection  with  the  Observatory  at 
Albany.  This  able  report,  commenced  by  Judge  Kane  of  Phil- 
adelphia, and  after  his  death  prepared  by  our  honored  late 
President,  Dr.  Barnard,  then  at  the  head  of  the  University  of 
Mississippi,  presents  a  thorough  analysis  of  the  great  work  ac- 
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oomplished,  and  the  strong  language  in  its  praise,  with  which 
the  report  concludes,  received  the  unanimous  indorsement  of 
the  Committee. 

Bot  this  inadequate  sketcU  of  Bache's  services  would  be  yet 
more  incomplete,  were  the  record  of  his  scientific  achievements, 
during  the  last  twenty  years  of  his  life,  confined  to  the  work 
officially  done  through  the  Coast-Survey,  which  he  had  made 
so  essential  to  science  in  America. 

His  own  investigations  and  discoveries  during  this  period 
have  not  been  enumerated,  and  though  from  the  nature  of  the 
case  they  were  mostly  derived  from  data  collected  by  the  opera- 
tions of  the  institution  to  which  he  devoted  his  energies,  none 
the  less  were  they  the  fruits  of  his  own  intellectual  labor.  I 
have  endeavored  to  prepare  a  catalogue  of  his  own  memoirs, — 
a  large  proportion  of  which  were  presented  to  this  Association, 
which  he  fondly  cherished,  and  upon  the  sessions  of  which  he 
was  an  unfailing  attendant. 

Most  of  these  memoirs  are  upon  subjects  connected  with  the 
new  methods  which  he  introduced  into  the  Survey,  the  meas- 
urement of  bases,  or  the  phenomena  and  laws  of  the  tides,  of 
the  Gulf-stream,  and  of  terrestrial  magnetism.  These  phe- 
nomena and  laws  he  unraveled  and  developed,  to  an  extent 
idiich  warrants  us  in  regarding  him  as  the  principal  source  of 
our  knowledge  of  their  more  complicated  action.  To  our  Provi- 
dence meeting,  in  1855,  he  communicated  a  remarkable  paper, 
on  the  progress  of  an  earthquake-wave  in  December  previous, 
which  was  detected  on  our  Pacific  coast  by  means  of  the  self- 
registering  tide-gauges.  This  wave  he  traced  from  Japan, — 
where  it  had  occasioned  serious  damage  to  the  Russian  frigate 
*^  Diana,"  in  the  port  of  Simoda,  and  where  the  highest  of  five 
successive  waves  was  about  thirty  feet, — to  Peel's  Island,  one 
of  the  Bonin  group,  where  the  first  wave  rose  to  an  altitude  of 
fifteen  feet  above  the  high-water  level, — and  thence  to  the 
shores  of  Oregon  and  California,  where  the  disturbance  was 
recorded  at  Astoria,  San  Francisco  and  San  Diego ;  at  which 
last-named  station  eight  waves  were  traced  upon  the  tide-gauge, 
the  largest  being  six  inches  in  height.  From  these  observa- 
tions he  deduced  the  speed  of  six  miles  a  minute  as  the  rate  of 
the  wave's  motion,  and  the  mean  depth  of  the  Pacific  as 
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about  2300  fathoms  on  the  San  Francisco  path,  and  about  2100 
fathoms  on  the  San  Diego  path. 

Meanwhile  he  had  conducted,  in  connection  with  Greneral 
Totten  and  Admiral  Davis,  special  researches  of  a  highly 
important  character,  nominally  independent  of  his  position  as 
Superintendent  of  the  Coast-Survey.  He  thus  served  as  Com- 
missioner upon  the  harbors  of  New  York,  Boston,  Charleston, 
Portland,  and  the  Cape  Fear  River ;  and  the  reports  contain 
investigations  concerning  the  formation  of  obstructions  in 
rivers  and  harbors,  and  the  laws  controlling  the  improvement 
and  deterioration  of  channels,  which  have  lai^ely  contributed 
to  our  knowledge  of  these  laws. 

At  the  Albany  meeting  of  this  Association,  in  1856,  he  com- 
municated among  other  valuable  papers,  a  very  important 
memoir  from  himself  and  Mr.  Hilgard  jointly,  upon  the 
general  distribution  of  Terrestrial  Magnetism  in  the  United 
States.  At  Montreal,  he  described  the  chronometric  longitude 
expedition,  then  recently  carried  out  by  him  in  person ;  the 
base-line  which  he  had  just  measured  upon  Epping  Plains  in 
Maine ;  and  the  principal  characteristics  of  the  winds  of  the 
Western  Coast  of  the  United  States.  At  Baltimore  he  pre- 
sented an  investigation  of  the  personal  equation  in  determin- 
ing  latitudes  by  Talcott's  method ;  and  a  memoir  on  the  tidal 
currents  of  New  York  Bay.  At  Springfield  he  gave  a  discus- 
sion of  results  deduced  from  the  declinometer-observations 
made  at  Girard  College,  ftt)m  fifteen  to  twenty  years  before ; 
and  a  third  memoir  upon  the  Gulf-stream,  showing  the  distri- 
bution of  temperature  in  the  waters  of  the  Florida  channel  and 
straits.  At  Newport  he  added  two  papers  containing  theoreti- 
cal results  from  the  magnetic  observations  at  Girard  College, 
one  upon  the  solar-diurnal  variation  and  the  other  upon  the 
influence  of  the  moon  upon  the  needle. 

When  the  outbreak  of  the  rebellion  gave  a  new  direction  to 
the  energies  of  all  the  Bureaus  of  the  government,  Bache  was 
of  course  found  at  his  post,  equal  to  the  occasion.  When  a 
secret  commission  of  three  was  organized  to  devise  measures 
and  provide  plans  for  the  blockade  of  ports,  or  the  capture  of 
important  points  on  the  sea-board  of  the  insurrectionary  terri- 
tory, the  military  and  naval  skill  of  officers  high  in  command 
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in  their  respectiye  aerrioes  was  reinforced  by  the  knowledge 
and  sagacity  of  Bache,  whose  personal  ability  gave  added 
Take  to  the  charts  of  the  Survey.  More  than  one  Greneral-in- 
chief  looked  to  him  for  daily  counsel  during  those  days  of 
doubt  and  anxiety.  He  carried  on  experiments  for  improving 
the  system  of  signals,  he  arranged  and  carried  out  a  multitude 
of  military  surveys,  and  contributed  from  the  Coast-Survey 
oflice  a  large  proportion  of  all  the  campaign  maps  furnished' 
to  commanding  officers.  As  Vice  President  of  the  Sanitary 
Commission  from  the  first,  his  leisure  from  official  duties  was 
given  to  patriotic  and  humane  efTorts  in  behalf  of  our  soldiers. 
And  finally,  in  1863,  when  his  native  city  was  threatened  with 
invasion,  he  offered  his  personal  services  for  arranging  and 
superintending  a  system  of  fortifications.  To  his  intense  labor 
here,  imder  many  difficulties  and  amid  numerous  other  cares,  is 
to  be  attributed  the  fatal  malady  which  interrupted  his  work, 
and  to(^  him  from  us  in  the  very  height  of  his  usefulness,  his 
power  and  his  renown.  In  the  language  of  the  Faculty  of  his 
own  University, 

"He  is  justly  to  be  regarded  as  a  martyr  to  the  cause  of  good 
gOTernment  and  the  principles  of  human  liberty,  his  death  being 
directly  caused  by  the  OYertasking  of  his  focnlties,  in  his  active  and 
nerer  ceasing  endeavors  to  sustain  the  authorities  of  -his  country 
agfinst  the  rebellion,  and  to  promote  the  efficiency  and  comfort  of 
those  who  were  fighting  in  our  behalf." 

In  ihe  spring  of  1864  came  the  blow.  It  came  too  in  the 
form  which  he  had  himself  dreaded ;  as  it  had  come  to  Walker 
before  him,  as  it  came  to  Faraday  with  him,  and  as  the 
activity  of  nervous  and  mental  energy  in  our  own  country 
especially  invites  it  to  so  many  of  our  intellectual  workers. 
The  sword  wore  out  the  sheath ;  the  restlessly  toiling  brain 
gave  way,  and  refused  longer  to  obey  the  untiring  mind.  The 
repose,  then  imperative,  came  too  late.  After  a  summer  of 
quiet  in  his  camp,  where  he  nominally  continued  his  personal 
share  in  the  triangalation  which  connected  the  New  England 
stations  with  Hassler's  stations  in  New  York,  he  sailed  for 
Euit^  in  the  autumn,  hoping  for  a  benefit  from  change  of 
scene.  A  multitude  of  Mends  assembled  to  join  in  the  farewell. 
The  steamer  was  under  the  command  of  Captain  Anderson, 
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himself  a  scientist  of  no  mean  attainments,  whose  sabseqaent 
efficient  services  in  connection  with  the  oceanic  tel^raph,  have 
desenredlj  given  him  a  wide  reputation,  and  whose  sympathetic 
kindness  alleviated  the  discomforts  of  the  sea  voyage.  With 
touching  earnestness,  Mr.  Bache  insisted  on  carrying  with  him 
a  set  of  instruments  for  determining  magnetic  constants  at 
points  to  be  visited  during  his  journey.  In  England,  France 
and  Germany  he  revisited  some  of  his  scientific  friends  of  old, 
but  the  excitement  proved  more  than  he  could  well  bear,  and 
this  pleasure  it  subsequently  became  necessary  for  him  to  fore- 
go. It  was  a  source  of  special  gratification  to  him  to  meet 
Strove  at  Rome,  where  he  was  temporarily  sojourning.  After 
an  absence  of  eighteen  months  in  Europe  he  returned,  and 
even  then  Ms  friends  could  not  utterly  surrender  their  hopefid- 
ness.  But  the  fatal -blow  had  fallen,  and  time  only  rendered 
its  efi^ects  more  manifest.  At  Newport,  Rhode  Island,  on  the 
17th  of  February,  1867,  his  spirit  cast  aside  the  broken  instru- 
ment which  it  could  no  longer  govern,  and  returned  free  and 
rejoicing,  unto  God  who  gave  it. 

I  will  not  undertake  to  enumerate  the  manifestations  of 
honor,  which  were  paid  the  lifeless  clay,  as  it  was  carried  frx>m 
Newport  to  its  last  resting  place  in  Washington.  In  New 
York  and  Philadelphia  civic  honors  awaited  it,  and  it  reposed 
in  state  while  the  tokens  of  respect  and  gratitude  were  paid. 
Amid  emblems  of  mourning,  flags  waving  down  the  masts  and 
minute  guns  breaking  the  silence,  it  passed  along  the  streets. 
A  solemn  and  reverent  company  awaited  it  at  the  national 
capital,  and  guarded  it  till  it  should  be  no  more  seen  on  earth. 
And  when  the  last  rite  was  over,  there  was  not  one  of  that 
great  assembly  who  did  not  feel  that  he  had  lost  a  treasured 
friend,  and  that  his  country's  loss  was  beyond  utterance. 

Grentlemen,  I  have  far  exceeded  the  limits  of  time  appropri- 
ate for  an  oral  address.  Yet  I  have  failed  to  convey  more  than 
an  outline  of  the  work  he  did,  the  services  he  rendered,  the 
man  he  was.  But  my  imperfect  words  are  not  his  eulogy. 
Far  and  wide  over  this  great  land  are  scattered  memorials  of 
the  love  and  honor  of  his  countrymen.  Above  the  Pacific 
coast  a  lofty  mountain  bears  his  name,  and  towers  over  the 
shores  to  which  so  many  of  his  thoughts  were  devoted,  a  fitting 
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monument  to  his  memory.    Amid  the  polar  regions  of  eternal 
ice  and  snow,  still  his  name  records  the  services  he  rendered  to 
science  there ;  and  far  in  the  North-west,  the  clear  expanse  of 
a  broad  lake  repeats  the  familiar  sound. 
Bat  I  will  attempt  to  recall  to  you  no  more. 

**Pesce I  HI0  trinmphfl  will  be  simg 
B7  some  yet  nnmoulded  tongue 

Far  off  in  •nmmera  ttuU  we  ahall  not  see 

Ours  tbe  pain,  be  his  the  gain  I  .... 
Tet  Ulted  high  in  heart  and  hope  are  we, 
When  we  remember  that  Ibr  one  bo  tme 
There  most  be  other,  nobler  work  to  do. 


He  Is  gone  who  seemed  BO  great  I 

Gone ;  but  nothing  can  bereaye  him 

Of  the  force  he  made  his  own 

Being  here;  and  we  belleye  him 

Something  far  advanced  in  state, 

And  that  he  wears  a  tnier  crown 

Than  any  wreath  that  man  can  weaye  him." 

While  greatness,  conjoined  with  goodness,  is  held  in  rever- 
ence by  men ;  while  the  intellectual  advancement  of  a  nation 
is  rewarded  by  the  gratitude  of  her  sons ;  while  the  history  of 
American  science  is  read  or  written; — yes,  until  winds  and 
tides  no  longer  rise  and  fall;  until  shore  and  sea  no  longer 
follow  their  varied  course  in  beach  and  cliff,  headland  and 
bay;  until  the  sailor  no  longer  fears  the  sunken  reef,  the 
drifting  current,  or  the  treacherous  rock;  until  the  mystic 
forces  of  earth  fail  to  exhibit  their  varying  play,  and  the 
lamps  of  heaven  no  longer  guide  the  wanderer, — shall  rev- 
erence, honor  and  gratitude  adorn  the  name  of  Alexander 
Dauuls  Bach£. 


CoRRiGKNi>i7M.  —  On  page  2,  line  6  from  below,  for  "only  child," 
read  '*onlj  snrriving  child;"  since  the  son,  Francis  Folger,  lived  to 
be  fiye  years  old. 
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Inst,  zii,  S;  Amer.  Joum.  Sci.  xzvii,  113. 
1838— Nov.       Attempt  to  flz  the  date  of  Dr.  Franklin's  Observation,  in  relation  to 

the  North-east  Storms  of  the  Atlantic  States.    Joum.  FrankUn 

Inst.  zU,  800. 
1888— Deo.       Beport  of  Experiments  on  the  Navigation  of  the  Chesapeake  and 

Delaware  Canal  by  Steam.    Joum.  Franklin  Inst,  zii,  861. 
1884— Jan.       Observations  on  the  Disturbance  in  the  direction  of  the  Horizontal 

Needle,  daring  the  occurrence  of  the  Aurora  of  July  10,  1833. 

Joum.  Franklin  Inst,  ziii,  1;  Amer.  Joum.  Sci.  zzvli,  118. 
1834— Jan.       Beport  of  Managers  of  the  Franklin  Institute,  in  relation  to  Weights 

and  Measures.    Presented  in  Compliance  with  a  Besolution  of  the 

House  of  Bepresentatives  of  the  State  of  Pennsylvania.    Joum. 

Franklin  Inst,  ziv,  6;  Philadelphia,  1884. 


ALEXANDER   DALLAS   BACHE.  49 

184— Jime.     Analysis  of  some  of  tbe  Coals  of  Pennsylvania  [made  Jointly  Tritb 

Prof.  H.  D.  Sogers].    Joum.  PhUa.  Acad.  Xat.  Sci.  vii,  168. 
ISM—Oet.        On  tbe  Variation  of  the  Magnetic  Needle.     Amer.  Joum.  Sci. 

xxTii,S85. 
ISM—XoT.      Observations  to  determinelthe  Magnetic  Dip,  at  Baltimore,  Phila- 
delphia, New  York,  West  Point,  Providence,  Springfleld  and 
Albany  [made  Jointly  with  Prof.  E.  H.  Courtenay] .   Trans.  Amer. 
Pka.Sdc.ry  2m. 

ISM^NoT.  Meteoric  Observations  on  and  about  Nov.  18, 1884.  Amer,  Joum. 
SH.  xxvii,  835;  Joum.  li-arUOin  Intt.  zvi,  809. 

1889— Jan.  Note  relating  to  the  Hardening  of  Lime  nnder  Water,  by  the  action 
of  carbonate  of  potassa,  Ac.,  and  to  the  Hardening  of  Carbonate 
of  Lime  in  the  air,  by  potassa  and  soda.  Joum.  Firank.  Imt.  xv,  6. 

18K— Mardi.  Meteorological  Observations  made  during  the  Solar  Eclipse  of  Nov. 
80, 1884.    Trant.  Amer.  PhU.  Soc.,  v,  237. 

1885 — May.  Experimental  Illnstrations  of  the  Badiating  and  Absorbing  Powers, 
of  Surfhces  for  Heat,  of  the  effects  of  Transparent  Screens,  of 
the  conducting  power  of  Solids,  Ac.  Joum.  F^ankUn'  Itut.  zv, 
803;  Amer.  Joum.  Sci.  zxviii,  380. 

U85~Mjiy.  Beplies  to  a  Circular  in  relation  to  the  occurrence  of  an  unusual 
Meteoric  Display  on  the  13th  of  Nov.,  addressed  by  the  Secretary 
of  War  to  tiie  military  posts  of  the  United  States,  with  other  fiusts 
relating  to  the  same  question.  Amer.  Joum.  Sci.  zzviU,  806; 
Joum.  FraniUn  Jitst.,  zvi,  148. 

1885— Jme.  Experiments  on  the  efficacy  of  Perkins's  Steam  Boilers  or  Circula- 
tors.   Joum.  FnuUtlin  Inst,  xv,  879. 

^— July.  On  the  comparative  Corrosion  of  Iron,  Copper,  Zinc,  Ac.,  by  a  sat- 
urated solution  of  common  salt.    Joum.  JFranklin  Jtut.  xvi,  3. 

1885— Nov.  Inquiry  in  relation  to  the  alleged  Influence  of  Color  on  the  Badia- 
tion  of  non-luminous  Heat.  Joum.  Franklin  Intt.  xvi,  280 ;  Amer. 
Joum.  Sci.  XXX,  16. 

18K— Dec.  Historical  Notice  of  a  Hypothesis  to  explain  the  greater  quantity  of 
Bain  which  ihlls  on  the  surlkce  of  the  ground  than  above  it.  Joum. 
Franklin  Inst.  xvU,  106. 

UK— Jan.  Observations  upon  the  fhcts  recentiy  presented  by  Prof.  Olmsted  in 
relation  to  Meteors  seen  on  the  18th  of  Nov.,  1834.  Joum.  Frank- 
Un  Inst,  xvii,  88;  Amer.  Joum.  Sd.  xxix,  388. 

1888— Jan.  Historical  Note  on  the  Discovery  of  the  Non-conducting  Power  of 
Ice.    Joum.  FrankUn  Inst,  xvii,  182. 

18M— Jan.  Beport  of  Experiments  made  by  the  Committee  of  the  Frankllu  In- 
stitnte  of  Pennsylvania  on  the  Explosions  of  Steam  Boilers,  at 
the  request  of  the  Treasury  Department  of  the  United  States. 
J4mm.  Franklin  Inst,  xvii,  1,  78, 145, 217, 389. 

UM— Feb.  Bemarks  on  a  Method,  proposed  by  Dr.  Thomson,  for  determining 
the  Proportions  of  Potassa  and  Soda  in  a  mixture  of  the  two  Al- 
kalies; with  the  application  of  a  similar  investigation  to  a  differ- 
ent method  of  analysis.    Joum.  Franklin  Inst.  xvU,  805. 

UK— AptdL  Notes  and  Diagrams  Illustrative  of  the  Directions  of  the  Forces  act- 
ing at  and  near  the  Surfkce  of  the  Earth,  in  dllTerent  parts  of  the 
Brunswick  Tornado  of  June  19, 1835.    Trans.  Amer.  PhU.  Soc. 

1888- May.  On  the  Belative  Horizontal  Intensities  of  Terrestrial  Magnetism  at 
several  places  in  the  United  States,  with  the  investigations  of  Cor- 
rections for  Temperature,  and  Comparisons  of  the  Methods  of 
Oscillation  hi  Full  and  in  Barefied  Ak  [Johitiy  with  Prof.  E.  H. 
Courtenay].  Tram.  Amer,  PhU.  8oo.  v,  437. 
A.  A.  A.  8.  VOL.  XVn.  7 
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1836— Jalj. 

1887— Ma  J. 

1888— Aug. 

1889— May. 
1889— Not. 

1889— Nov. 

1640— Mareh. 
1640— Not. 
1840— Dec. 

1841— May. 

1841— July. 
1841— Not. 
184S— March. 

1642— April. 

1842— July. 

1842— Oct. 

1842— Dec. 

184S— Jan. 
184S— May. 

1848— May. 
1848- May. 


1845— Feb. 


Proposed  Forms  of  Diagrams  fbr  exhibiting  to  ttae  eye  the  resvltB 
of  a  register  of  the  Direction  of  the  Wind.  Joum.  Franklin  Jnsi. 
xyiii,82. 

Corresponding  Magnetic  Obserrations,  in  connection  with  Prof. 
Lloyd  of  Dublin,  to  determine  the  relatiTe  magnetic  intenstty  fat 
Philadelphia,  Dublin  and  Edlnbuxgh.   Proe.  B.  Irish  Acad.  U  71. 

Note  on  the  effect  of  deflected  Currents  of  Air  on  the  Qnantlty  of 
Rain  collected  by  a  Rain-gauge.  Sep.  Brit.  Auae.  Adv.  5d<.,  18S8, 
ii,26. 

Report  on  Education  in  Enropei  to  the  Trustees  of  tiie  Girard  Col- 
lege for  Orphans.    8to.    pp.068.    PAOotielpJUa,  1889. 

Comparison  of  Prof.  Loomis's  Obserrattons  on  Magnetic  Dip  with 
those  obtained  by  Prof.  Courtenay  and  himself.  Proe.  Amer, 
PhU.  Soc.  i,  146. 

Simultaneous  Magnetic  Obserrations,  made  in  coi^spondence  with 
Prof.  Lloyd  of  Dublin.  Proe.  B.  Iriik  Acad,  i,  408 ;  Amer.  Jomm, 
Sci.  zli,  212. 

Obserrations  of  the  Magnetic  Intensity  at  twenty-one  stations  in  Eu- 
rope.   Trans.  Amer.  PhU.  Soc.  tU,  75 ;  Proe.  Amer.  PkU.  Sw:.  i,  189. 

Determination  of  the  Magnetic  Dip  at  Philadelphia  and  Baltimore. 
Proe.  Amer.  Phti.  Soc.  i,  294. 

On  an  Instrument  for  measuring  the  changes  in  tiie  Vertical  compo- 
nent of  the  force  of  Terrestrial  Magnetism.  Proe.  Amer.  PhU. 
Soc.  i,  311. 

Diagram  of  the  Direction  and  Force  of  the  Wind,  and  amount  Mid 
rate  of  Rain-flOl  during  the  seTcre  gust  of  April  2,  1841.  Proe. 
Amer.  PhU.  Soe.  ii,  66. 

On  Obserrations  of  the  Magnetic  Dip,  made  at  Baltimore  by  Mr. 
Nicollet  and  Mi^or  Graham.    Proe.  Amer.  PhU.  Soe.  ii,  88. 

Account  of  the  Formation  of  Cumulus  Cloud  from  the  action  of  m 
Are.    Proe.  Amer.  PhU.  Soe.  ii,  116. 

Semi-annual  Report  of  the  Principal  of  tiie  High  School,  and  Report 
to  the  Controllers  of  the  Public  Schools.  TweiUff-fourth  Annual 
Beport  of  Controllers  of  PttbUc  Schools  of  Philadelphia,  pp.  88, 00. 

On  the  application  of  the  Self-registering  Rain-gauge  to  registering 
the  Fall  of  Snow.    Proe.  Amer.  PhU.  Soe.  ii,  164. 

Report  of  the  Principal  of  the  Central  High  School  for  the  year  end 
ing  July,  1842.    8to.    pp.120.    Philadelphia. 

Address  delivered  at  ttae  close  of  the  Twelfth  Exhibition  of  Ameri- 
can Manufhctures,  held  by  the  Franklin  Institute. 

On  a  modification  of  Lloyd's  induction  Inclinometer.  Proe.  Amer. 
PhU.  Soe.  ii,  287. 

On  a  new  Dew-point  Hygrometer.    Proe.  Amer.  PhU.  Soe.  ii,  249. 

Results  of  two  years  Obserrations  of  tiie  Magnetic  Elements,  and  of 
the  Temperature,  Pressure  and  Moisture  of  the  Atmosphere  at  the 
magnetic  observatory  of  Girard  CoUege.  Proe  Amtr.  PhU.  Soe. 
iii,90. 

Account  of  an  Instrument  fbr  determining  the  Conducting  Power 
of  bodies  for  heat.    Proe.  Amer.  PhU.  Soe.  ill,  182. 

Account  of  Obserrations  at  Philadelphia  and  Toronto  during  the 
Magnetic  Disturbance  of  May  6, 1848,  and  their  bearing  upon  the 
question  of  the  kind  of  instruments  and  observations,  appropri- 
ate to  determine  such  phenomena.    Proe.  Amer,  PhU.  Soe.  ill,  175. 

Report  to  the  Treasury  Department  on  the  progress  of  construction 
its  and  Measures.    Seitaie  Doe.  149,  28^  Con- 
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1817— Dee.  Deaoiptkm  of  m  new  Base  Apparatas  used  in  the  United  States 
Coast  Surrey.    Prce.  Amer.  Phii.  8oc.  iy,  S68. 

1848— Dea.  On  a  new  Method  of  obseryins  Transits.  Monthly  Kot.  R,  Attr.  Soc. 
ix,123;  BuU.  Acad.  Sci.  BrusseiSf  xvi,313;  Aatr.  Nachr.  xxTiil,273. 

1BI8— Aug.  Comparison  of  the  Besults  obtained  in  Geodesy  by  the  application 
of  the  theory  of  Least  Squares.  Proe,  Amer.  Astoc.  Adv,  Sd. 
Cambridge,  1849,  p.  102. 

Ifltf— Anff.  On  the  progress  of  the  Surrey  of  the  Coast  of  the  United  States. 
Proc,  Amer.  Auoc,  Cambridge^  1849,  p.  102. 

UW— March.  Notes  on  ttie  results  of  Obserrations  of  the  Dhrection  and  Foree  of 
the  Wind  at  the  Coast-Suirey  stations  at  Mobile  Point  and  at  Cat 
Island,  Gulf  of  Mexico.  Proc  Amer,  AtMoc.  Charleston^  1850, 
p.  60. 

IfiSO— March.  Abstract  cf  a  communication  on  the  recent  Progress  of  the  Tele- 
graphic Operations  of  the  United  States  Coast-Sunrey.  Proc. 
Amer.  Aieoc.  Charletton,  1860,  p.  1S2. 

1860— Aug.  Method  used  in  the  Coast-Surrey  for  showing  the  results  of  Current 
Obserrations.    Proc,  Amer.  Assoc.  New  Havens  1850,  p.  70;  C.  8. 

ittp.,isso,p.m. 
18S0— Aug.      Bemarks  upon  the  Meeting  of  the  American  Association  at  Charles- 
ton, in  March,  1850.    Proc.  Amer.  Assoc.  New  Haven,  1860,  p.  159. 
180— Aug.      Kotes  of  a  discussion  of  Tidal  Obserrations,  in  connection  with  the 
Coast-Sunrey,  made  at  Cat  Island  in  the  Gulf  of  Mexico.    Proc. 
Amer.  Assoc.  New  Havens  1860,  pp.  281 ;  Amer.  Joum.  Sci.  xii,  841 ; 
,     C.  S.  Rep.,  1861,  p.  137. 
101— May.      Current  Chart  ot  New  York  Bay,  from  Observations  in  the  Coa8^ 

Surrey.    Proc.  Amer.  Assoc.  Cincimnati,  1861,  p.  43. 
U61— May.      Comparison  of  curres  showing  the  Hourly  Changes  of  Magnetic 
Declination  at  Philadelphia,  Toronto  and  Hobarton  from  April  to 
August,  and  from  October  to  February,  and  for  March  and  Sep- 
tember.   Proc  Amer.  Assoc.  CincinnaH,  1861,  p.  68. 
UKk^Utj.     On  the  determination  of  the  Telocity  of  Sound  by  the  Method  of 

Coincidences.    Proc.  Amer.  Assoc.  Cincinnati,  1851,  p.  76. 
Un— M^.     Kotes  on  the  use  of  the  Zenith  Telescope  in  determining  Latitudes 
In  the  Coast-Surrey  by  Talcott^s  method,  and  on  the  reduction  of 
the  observations.  Proc.  Amer.  Assoc.  Cindnnaii,  1861,  p.  161; 
Awser.  Joum.  Sd.  xiv,  191. 

1861— Aug.  Additional  notes  of  a  discussion  of  Tidal  Observations  made  in 
connection  with  the  Coast-Survey  at  Cat  Island,  Louisiana.  Proc. 
Amer.  Assoc.  Albang,  1861,  p.  94;  Amer.  Joum.  Sd.  xiv,  846;  C.  j9. 
Ap.,  1868,  p.  111. 

1851— Aug.  Kotes  on  the  Tides  at  Sand  Key,  near  Key  West,  Florida.  Proc. 
Amer.  Assoc.  Albany,  1861,  p.  188. 

1851  —Aug.  Address  on  retiring  firom  the  duties  of  President  of  the  American 
Association  for  the  Advancement  of  Science.  Proc.  Amer.  Assoc. 
Albany,  1861,  p.  41. 

1802— March.  Beport  on  tiie  Harbor  of  Charleston,  S.  C.  [As  Chabman  of  a 
Committee.] 

18BB— July.  On  the  Tides  at  Key  West,  Florida,  from  observations  made  in  con- 
nection with  the  United  States  Coast-Survey.  Proc.  Amer.  Assoc. 
Cleveland,  1863,  p.  88;  Amer.  Joum.  Sd.  xvili,  806;  C.  S.  Rep., 
1863,  p.  71. 

18BI— July .  On  the  Tides  of  the  Western  Coast  of  the  United  States,  from  obser- 
vations  at  San  Francisco,  California,  in  connection  with  the  United 
States  Coast-Survey.  Proc.  Amer.  Afscp.  Cleveland,  1863,  p.  43; 
Amer.  Joum.  Sd.  xxi,  1;  C.  8.  R^.i  1868,  p.  77. 
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ISSi—Maj.  Preliminary  Determination  of  Co-tidal  Lines  on  fhe  Atiantie  Coast 
of  tbe  United  States,  from  the  Coast-Survey  tidal  observations. 
Proc.  Amer.  Assoc.  Wdshinfftont  1854,  p.  107;  Amer.  Joum,  Sd. 
xxi,  14;  C.  S.  Hep.,  1854,  p.  147. 

1864~May .  Comparison  of  the  Diurnal  Inequality  of  tiie  tides  at  San  Diego,  San 
Francisco  and  Astoria,  on  the  Pacific  Coast  of  the  United  States, 
from  observations  in  connection  with  the  Coast-Survey.  Proe, 
Amer.  Assoc.  Washingtofij  1854,  p.  161;  Amer.  Joum.  Sei.  xxi,  10; 
C.  S.  Rep.y  1854,  p.  158. 

1854 -<•  May.  On  the  Distribution  of  Temperature  in  and  near  the  Gulf-stream, 
oiT  tiie  Coast  of  the  United  States,  ftt>m  observations  made  in  the 
Coast-Survey.  Proc.  Amer.  Assoc.  Washington^  1864,  p.  134;  Amer. 
Joum.  Sci.  xxi,  29;  C.  S.  Rep.<,  1854,  p.  156. 

1854— June.     Second  Report  on  the  Harbor  of  Charleston,  8.  C. 

1855— Feb.  Discussion  of  Observations  for  the  Isodynamic.  Isogonic,  and  Iso- 
clinal Curves  of  Terrestrial  Magnetism,  on  and  near  the  lino  of 
the  Boundary  Survey  between  the  United  States  and  Mexico, 
made  in  1849-1852,  under  the  order  of  W.  H.  Emory,  and  combined 
with  observations  at  San  Francis<M>,  Califomia,  and  DoUar  Point 
(E.  Base),  and  Jupiter,  Texas.  Mem.  Amer.  Acad.  Arts  and  ScL 
v,872. 

1865— Aug.  Approximate  Co-tidal  lines  of  the  Pacific  Coast  of  the  United  States, 
from  observations  in  the  United  States  Coast-Survey.  Proc.  Amer. 
Assoc.  Providence,  1856,  p.  144;  C.  S.  Rep.,  1856,  p.  338. 

1856— Aug.  Notice  of  the  Tidal  Observations  made  on  the  Coast  of  the  United 
States,  on  the  Gulf  of  Mexico,  with  Type-curves  at  the  several  sta- 
tions, and  their  decomposition  into  the  curves  of  Diurnal  and 
Semidiurnal  tides.  Proc.  Amer.  Assoc.  Providence^  1865,  p.  ICB; 
Amer.  Joum.  Sd.  xxi,  128 :  C.  S.  Rep.,  1865,  p.  346. 

1866— Aug.  Notice  of  Earthquake  Waves  on  tiie  Western  Coast  of  the  United 
States  on  the  23d  and  25Ui  of  Dec.,  1854.  Proc.  Amer.  Assoc, 
Providence,  1855,  p.  163;  Amer.  Joum.  Sci.  xxi,  37;  C.  S.  R^.., 

1855,  p.  342. 

1856— Dec.        Report  to  New  York  Harbor  Commissioners,  on  Surveys  of  New 

York  Harbor. 
1866— Jan.       Annual  Address  before  the  American  Geographical  Society,  being 

a  paper  upon  the  Gulf-stream.    BuUeiin  Amer,   Oeogr.   Soc. 

ii,94. 
1866 — Aug.       Approximate  Co-tidal  Lines  of  diurnal  and  semidiurnal  Tides  of  the 

Coast  of  tiie  United  States  on  the  Gulf  of  Mexico.    Proc.  Amer, 

Assoc.  Albany,  1856,  p.  168;  Amer.  Joum.  Sci.  xxiii,  12;  C.S,  R^., 

1856,  p.  262. 

1866— Aug.  On  the  general  Distribution  of  Terrestrial  Magnetism  in  the  United 
States  from  observations  made  in  the  United  States  Coast-Survey, 
and  others.  [In  connection  with  Mr.  J.  £.  Hilgard.]  Proc.  Amer, 
Assoc.  Albany,  1856,  p.  187;  Amer.  Joum.  Sd.  xxvi,  1;  C.  S.  R^., 
1856,  p.  209. 

1856— Aug.  Observations  to  determine  the  Cause  of  the  Increase  of  Sandy  Hook, 
#  made  by  the  Coast-Survey  for  the  Commissioners  on  Harbor  En- 

croachments. Proc.  Amer.  Assoc.  Albany,  1856,  p.  171;  Amer. 
Joum.  Sd.  xxiii,  16;  C.  S.  Rep,,  1866,  p.  283. 

1866 —Aug.  Notice  of  observations  to  determine  the  Progress  of  the  Tidal  Wave 
of  the  Hudson  River,  made  by  the  Coast-Survey  for  the  Commis- 
sioners on  Harbor  Encroachments.  Proc.  Amer,  Assoc.  Albany, 
173;  Amer.  Joum.  Sd.  xxiii,  17. 
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UM— Aug.  Kotes  on  fhe  progress  made  in  the  Coast-Survey  in  Frediction>tables 
for  the  tides  of  the  U.  S.  Coast.  Proc.  Amer.  Auoc,  Albany ,  1856, 
p.  166;  C.  5.  i2«p.,  1856,  p.  249. 

185B— Oct  AnniTersary  Address  before  the  American  Institute  of  the  city  of 
New  York,  during  ;the  Twenty-eighth  Annual  Fair.  New  York, 
1857,  pp.  60. 

1856— Dee.  Beport  to  New  York  Harbor  Commissioners  on  the  Progress  of  the 
Survey  of  Kew  York  Harbor.  ^ 

18K— Dec.  Notes  on  the  Winds  of  the  Coast  of  the  United  States  on  the  Gulf  of 
Mexico;  C.  8.  Rep,,  p.  272.     , 

1866— Dec.       Report  of  Superintendent  of  Weights  and  Measures. 

1857— Aug.  Notice  of  the  determination  of  the  Longitude  of  Femandina,  Amelia 
Island,  Florida,  by  means  of  Chronometer  exchanges  fi'om  Savan- 
nah, Georgia.  [In  connection  with  Mr.  C.  A.  Schott.]  Proc,  Amer. 
Assoc.  Montreal,  1857,  p.  166;  C.  8.  Sep.,  1867,  p.  314. 

1867— Aug.  On  the  Heighte  of  the  Tides  of  the  Atlantic  Coast  of  the  United 
States  ttom  observations  in  the  Coast-Survey.  Proc.  Amer.  Assoc. 
Montreal^  1857,  p.  175;  Amer.  Joum.  Sci,  xxv,  47;  C.  8.  Rep., 
p.  842. 

1857— Aug.  On  the  Winds  of  the  Western  Coast  of  the  United  States,  fVom 
observations  in  connection  with  the  United  States  Coast-Survey. 
iVoc.  Amer.  Assoc.  MonirecU,  1857,  p.  183;  Amer.  Joum.  Sci.  xxv, 
52;  C.S.  Rep.,  1857,  p.  354. 

1887— Aug.  Notes  on  the  Measurement  of  the  Base  of  the  primary  triangulation 
of  the  Eastern  section  of  the  Coast  of  the  United  States,  on  Epping 
Plains,  Maine.  Proc.  Ajner.  Assoc.  Montreal,  1857,  p.  160;  Amer. 
Joum.  Set.  xxv,  p  58;  C.  8.  R^.,  1857,  p.  902. 

1»7— Dee«  Beport  relative  to  the  New  York  Harbor  Survey.  U.  8.  Senate  Doe 
1868,  No.  16. 

IBBB— May.  On  a  supposed  Personal  Equation  in  the  use  of  the  Zenith  Tele- 
scope, for  determining  Latitudes  by  Talcott's  method.  Proc. 
Amer.  Assoc.  Baltimore,  1868,  p.  14;  C.  8.  Rep.,  1858,  p.  184. 

18S8— May.  On  the  Tidal  Currents  of  New  York  Bay,  near  Sandy  Hook.  Proc. 
Amer.  Assoc.  Baltimore,  1858,  p.  80.  Amer.  Joum.  Sci.  xxvi,  334; 
C.  8.  Rep.,  1858,  p.  197. 

1856— July.  Defence  of  Dr.  Gould,  by  the  Scientific  Council  of  the  Dudley 
Observatory.  [In  connection  with  Professors  Joseph  Henry,  and 
BenJ .  Peirce] .    Albany,  1858,  pp.  91 . 

UBS— Feb.  Address  before  the  Alumni  Association  of  the  Central  High  School. 
PhOadelpMa,  1859. 

18B9— June.  Address  in  Tribute  to  the  Memory  of  Humboldt.  Tke  Pulpit  and 
Rostrum,  No.  6. 

18SB— Aug.  General  account  of  the  results  of  the  Discussion  of  the  Declinome- 
ter observations,  made  at  Girard  College,  Philadelphia,  be- 
tween the  years  1840  to  1845,  with  special  reference  to  the 
Eleven  Year  Period.    Proc.  Amer.  Assoc.  Springfield,  1869,  p.  248. 

IM-'Aug.  Gulf-stream  Explorations.  3d  Memoir.  Distribution  of  Tempera- 
ture in  the  Water  of  the  Florida  Channel  and  Straits.  Proc. 
Amer.  Assoc.  Springfidd,  1859,  p.  257;  Amer.  Joum.  Sci.  xxix,  199; 
C.  S.  Rep.,  1859,  p.  306. 

189— Not.  Discussion  of  the  Magnetic  and  Meteorological  Observations  made 
at  the  Girard  College  Observatory,  PhUadelphia,  in  1840  to  1845, 
Part  I.  Investigation  of  the  Eleven  Year  Period  in  amplitude  of 
the  Solar  Diurnal  Variation,  and  of  the  Disturbances  of  the  Mag- 
netic Declination,  pp.  22.  Smiths.  Contrib.  to  Knowledge^  vol  xi, 
art.  iv;  C.  S.  Rep.,  1869,  p.  278. 
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1890 -Aug.  Lectare  on  the  Gulf-stream.  Proc.  Amer,  Ataoe.  Newport^  1860, 
p.  xUx;  Amer.  Joum.  ScL  xxz,  813;  C.  8.  Rep.y  I860,  p.  165. 

1860— Aug.  General  account  of  the  results  of  Part  n,  of  the  Discussion  of  the 
Declinometer  observations  made  at  the  Girard  College,  Philadel- 
phia, between  1840  and  1845,  with  special  reference  to  the  Solar 
Diurnal  Variation  and  its  Annual  Inequality.  Proe.  Amer.  Auoc. 
Newport y  1860,  p.  74;  Amer.  Joum,  Sei,  xxzi,  197. 

I860— Aug.  Abstract  of  a  discussion  of  the  Influence  of  the  Moon  on  the  I>e- 
clination  of  the  Magnetic  Needle  from  the  observations  at  tbe 
Girard  College.  Proc,  Amer.  Aatoc.  Newport^  1860,  p.  88;  Amer. 
Joum.  Sci.  xxzi,  98. 

1860— Sept.  Observations  of  the  Solar  Eclipse  of  1860,  July  18,  at  the  Coastr 
Survey  Station,  Gunstock  mountain.    Atiron.  Joum.  vi,  167. 

1862 — June.  Discussion  of  the  Magnetic  and  Meteorological  Observations,  made 
at  the  Girard  College  Observatory,  Philadelphia,  hi  1840  to  1845. 
Part  n.  Investigation  of  the  Solar  Diurnal  Variation  of  tbe 
Magnetic  Declination  and  its  Annual  Inequality,  pp.28.  SmithM. 
CofUrib.  to  Knowl.,  vol.  xiii,  art  t;  C.  S.  Bfp.,  1860,  p.  293. 

1802 — June.  Discussion  of  the  Magnetic  and  Meteorological  Observations,  made 
at  the  Girard  College  Observatory,  PhiUdelphia,  in  1840  to  1845. 
Part  m.  Investigation  of  the  Influence  of  the  Moon  on  the 
Magnetic  Declination,  pp.  16.  Smithe.  CoiUrib.  to  Knowl.,  vol. 
xiii,  art.  vi ;  C.  S.  Rep.,  1860,  p.  312. 

1802— Sept  Abstract  of  a  discussion  of  the  Horizontal  Component  of  the  Hag- 
netic  Force,  Arom  observations  made  at  the  Guwrd  CoUege  Obser- 
vatory, Philadelphia,  in  the  years  1840  to  1845.  Amer.  Joum.  Sd. 
xxxiv,  261. 

1862— Nov.  Discussion  of  the  Magnetic  and  Meteorological  observations,  made 
at  the  Girard  College  Observatory,  Philadelphia,  in  1840  to  1845. 
Second  section  comprising  Parts  iv,  v,  yi.  Horizontal  Force. 
Investigation  of  the  Ten  or  Eleven  Year  Period,  and  of  the  Dia- 
turbances  of  the  Horizontal  Component  of  the  Magnetic  Force; 
Investigations  of  the  Solar  Diurnal  Variation  and  of  the  Annual 
Inequality  of  the  Horizontal  Force;  and  the  Lunar  efliect  on  the 
same.  pp.  78.  Smiths.  Contrib.  to  Knowl.,  vol.  xiii,  art.  viil;  C.  S. 
iZ^.,  1862,  p.  161. 

1802— Nov.  Abstract  of  an  Investigation  of  the  Solar  Diurnal  Variation  of  the 
Annual  Inequality  of  the  Horizontal  component  of  the  Magnetic 
Force,  from  observations  made  at  the  Gurard  College  Observatory, 
between  1810  and  1845.    Amer.  Joum.  SH.  xxxiv,  373. 

1862— Nov.  Abstract  of  a  Discussion  of  the  Influence  of  the  Moon  on  the  Hoii> 
zontal  Magnetic  Force,  fr*om  observations  made  at  the  Girard 
College  Observatory,  in  the  years  1840  to  1845.  Amer.  Joum,  Sd. 
xxxiv,  381. 

1802 — Dec.  Additional  Besearches  on  the  Co-tidal  Unes  of  the  Gulf  of  Mexico. 
C.  8.  Rep.,  1862,  p.  126. 

1863— Jan.  Eulogy  on  Hon.  James  Alfred  Pearce.  Annual  Report  qf  Regents 
8mUJuonian  Institution  for  1862,  p.  100. 

1863— May.  Abstract  of  results  of  a  Magnetic  Survey  of  Pennsylvania  and 
parts  of  adjacent  States  in  1^  and  1841,  with  some  additional 
results  of  1843  and  1862,  and  a  map.  Amer.  Joum.  8ei.  xxxv,  860; 
C.  8.  Rep.,  1802,  p.  212. 

1863— Oct  Becords  and  Results  of  a  Magnetic  Survey  of  Pennsylvania  and 
parts  of  Adjacent  States  in  1840  and  1841,  with  some  additional 
Records  and  Results  of  1834, 1835, 1843  and  1863,  and  a  map.  pp.  88. 
Smiths.  Contrib.  to  Knowl.,  vol.  xiii,  art.  viii. 
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U6&— May.  Discnsslon  of  the  Magnetic  and  Meteorological  obaerrationB  made 
at  the  Ginrd  College  Observatory,  Philadelphia,  in  1840  to  1845. 
Tlurd  section,  comprising  Parts  tij,  nn,  and  ix.  Vertical  Force. 
InTestigation  of  the  Eleven  (or  Ten)  Year  Period,  and  of  the  Dis- 
tnibances  of  the  Yertical  Component  of  the  Magnetic  Force,  and 
Appendix  on  the  Magnetic  effect  of  the  Aurora  Borealis ;  with 
an  Investigation  of  the  ^lar  Diamal  Variation,  and  of  the 
Annual  Inequality  of  the  Vertical  Force,  and  of  the  Lunar  effect 
on  the  Vertical  Force,  the  Inclination  and  Total  Force,  pp.  73. 
SwUihM,  Omtrib.  to  Knowl.,  vol.  ziv,  art.  U;  C.  S.  Hep.,  1863,  p.  156. 

ISK— Jan.  Discussion  of  the  Magnetic  and  Meteorological  observations  made 
at  the  Girard  College  Observatory,  Philadelphia,  in  1810  to  1845. 
Fourth  section,  comprising  Parts  x,  xi,  and  xn.  Dip  and  Total 
Force.  Analysis  of  the  Disturbances  of  the  Dip  and  Total  Force ; 
Discussion  of  the  Solar  Diurnal  Variation  and  Annual  Inequality 
of  the  Dip  and  Total  Force;  and  Discussion  of  the  absolute  Dip, 
-with  the  Final  Values  for  Declination,  Dip  and  Force  between 
1841  and  1845.  pp.44.  SmUht.  Contrib.to Knowl.,yol.jdy,aLrt.m; 
C.  S.  Rep.,  1864,  p.  188. 

1814  to  I8S8.      Annual  Beports  of  the  Progress  of  the  United  States  Coast-Survey. 

1814  to  1848.      Annual  Beports  of  Superintendent  of  Weights  and  Measures. 

1865  to  1863.  Tide  Tables  for  the  use  of  navigators,  prepared  from  the  Coast- 
Sorvey  obaervationa,  annually. 


Alflo,  the  following  Seports  oonoemmg  Harbors,  jointly 
with  Messrs.  Totten  and  Davis : 

1SB8— March.  Report  upon  Cape  Fear  Biver  and  Eburbor. 

18M— Oct.       Report  of  Portland  Harbor  Commission. 

1805— March.  Second  Beport  of  the  Commissioners  on  Portland  Harbor. 

18S5— Dec  Beport  of  Advisory  Council  of  the  New  York  Harbor  Commission. 
Kew  York  AuemMy  Doc.,  1856,  No.  8. 

108— July.  Beport  of  the  Advisory  Council  of  the  New  York  Harbor  Commis-. 
sion,  recommending  certain  lines  in  the  East  and  North  Bivers, 
and  in  Brooklyn.    New  York  Senate  Doc,  1867,  No.  40,  p.  107. 

1856— July.  Beport  of  the  Advisory  Council  of  the  New  York  Harbor  Commis- 
sion on  Gk>wanus  Bay  and  its  Improvements.  New  York  SentUe 
Doe.,  1857,  No.  40,  p.  118.  ^ 

UBS— Sept.  Beport  of  the  Advisory  Council  of  the  New  York  Harbor  Commis- 
sion, on  the  Hellgate  Passage,  regarded  as  a  channel  of  approach 
to  New  York  Harbor.    New  York  Senate  Doc.,  1867,  No.  40,  p.  137. 

18B6— Oct.  Second  General  Beport  of  the  Advisory  Council  to  the  Harbor 
Commissioners,  on  Lines  in  New  York  Harbor.  New  York  Senate 
Doc.,  1857,  No.  40,  p.  81. 

18H— Dee.  Beport  of  the  Advisory  Council  to  the  Commissioners  on  Harbor 
Encroachments  of  New  York,  in  regard  to  safe  and  commodious 
Anchorages  in  New  York  Harbor,  for  the  Purposes  of  the  Quar- 
antine of  Vessels.    New  York  Senate  Doc.,  1867,  No.  40,  p.  182. 

Itt6— Dec.  Beport  of  the  Advisory  Council  to  the  New  York  Harbor  Commis- 
sioners, upon  Harlem  Biver  and  Spuyten  Duyvil  Creek.  New 
York  Senate  Doe.,  1867,  No.  40,  p.  151. 

un— Feb.  Beport  of  the  Advisory  Council,  of  lines  for  the  East  Blver,  for  the 
Shore  of  Long  Island,  and  the  East  Shore  of  Staten  Island.  New 
York  Senate  Doe,,  1807,  No.  196,  p.  0. 
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1857— March.  Report  of  the  Advisory  Council  to  the  New  York  Harbor  CommiB- 
sioners,  apon  the  Comparative  Map  of  New  York  Bay  and  Har- 
bor,  and  its  approaches,  prepared  by  the  Coast-Survey  In  March, 
1857.    New  York  Senate  Doc.y  1867,  No.  126,  p.  12. 

1800— March.  Preliminary  Reports  of  Commissioners  on  Boston  Harbor.  Bogt&m 
CUy  Doc.,  1860,  No'.  37. 

1860— Dec.  Second  Report  of  United  States  Commissioners  on  the  Condition  of 
Boston  Harbor.    Boston  CUy  Doe,,  1800,  No.  97. 

1800— Dec.  Special  Report  of  the  United  States  Commissioners  on  Boston  Har> 
bor,  on  the  Relation  of  Mystic  Pond  and  River  to  Boston  Harbor. 
Boston  CUy  Doc.,  1861,  No.  12. 

I860— Dec.  Report  of  the  Advisory  Coancil  of  the  Joint  Committee  of  the  Mas- 
sachusetts Legislature  on  the  subject  of  a  Ship  Canal  to  connect 
Barnstable  Bay  and  Buzzard's  Bay.   Mtus.  Pub,  Doc.,  1884,  Ko.  41. 

1861— Sept.  Fourth  Report  of  the  United  States  Commissioners  on  Boston  Hai^ 
bor.    Boston  CUy  Doc.,  1861,  No.  62. 

1861  — Sept.  Fifth  Report  of  the  United  States  Commissioners  on  Boston  Haz^ 
bor.    Boston  CUy  Doc.,  imi,  No.  e^. 

1863— April.  Sixth  Report  of  the  United  States  Commissioners  on  Boston  Har- 
bor.   Boston  CUy  Doc,,  1863,  No.  53. 

1864— March.  Seventh  Report  of  the  United  States  Commissioners  on  Boston 
Harbor.    Boston  CUy  Doc.,  1864,  No.  83. 

1864- March.  Eighth  Report  of  the  United  States  Commissioners  on  Boston  Har- 
bor.   Boston  CUy  Doc.,  1864,  No.  34. 
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FREDERICK    A.    P.    BARNARD,    LL.  D. 

IHKrFRESIDENT  OF  THE  ASSOCIATION. 


Gentleicek  of  the  American  Association  for  the  Advance- 
ment OF  Science:  — 
You  are  assembled  to  day  for  the  third  time  since  the  reviyal 
of  your  association  in  1866.  On  the  occasion  of  that  revival 
it  was  my  privilege  to  be  your  presiding  officer — a  privilege 
and  an  honor  which  I  shall  alwajv  remember  with  the  highest 
gratification  and  pride — bnt  of  which  one  of  the  resulting 
obligations  has  never  been  fnlfilled.  My  unavoidable  absence 
^  your  last  meeting  had,  as  I  supposed,  been  tacitly  accepted 
as  a  sufficient  apology  for  the  feilure ;  but  your  standing  com- 
mittee, with  a  fidelity  of  recollection  which  I  had  hardly 
Anticipated,  have  preserved  the  record  of  the  debt,  and  have 
consequently  assigned  me  the  not  unpleasing  duty  of  welcom- 
ing your  return  at  this  time  to  your  annual  deliberations. 

The  city  which,  on  the  present  occasion,  has  extended 
to  American  science  the  encouragement  of  its  generous  hos- 
pitality, is  one  which  has  been  heard  of  J)efore  in  connection 
with  huge  assemblies  professing  to  represent  our  country  in 
one  or  another  of  its  aspects.  But  this  is  the  first  time  that  a 
great  convention  has  been  assembled  here  which  could  claim  to 
be  called  in  the  strictest  sense  national ;  a  convention  having 
no  aims  likely  to  engender  suspicion  in  any  quarter,  and  intent 
on  no  proceedings  liable  to  be  watched  by  any  jealous  eyes. 
For  this  is  the  first  of  the  national  conventions  which  the 
political,  social,  commercial  and  intellectual  prominence  of 
CUeago  has  attracted  to  this  spot,  of  which  the  declared  plat- 
form has  been  entirely  catholic  and  universally  acceptable  ;  the 
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jQrst  which  could  justly  hope  to  enlist  the  sympathies  of  all 
parties,  all  creeds,  all  states,  all  sections  alike.  It  is  gratify- 
ing to  know  that  there  is  one  subject  in  regard  to  which  the 
whole  world  of  mankind  have  a  common  interest,  one  subject 
on  which  there  can  be  but  one  party.  Such  a  subject  is  that 
which  occupies  us.  For  the  object  of  science  is  truth.  Its 
progress  is  the  progress  of  civilization,  its  encouragement  is 
the  encouragement  of  the  arts  of  life,  and  the  enlargement  of 
the  comfort  and  the  happiness  of  the  human  race. 

Of  these  truths  your  presence  here  to  day  is  a  striking  illus- 
tration. The  very  possibility  of  such  a  general  gathering  of 
the  votaries  of  science,  is  a  possibility  which  science  herself 
has  created.  You  are  assembled  from  every  point  within  the 
limits  of  our  vast  territory.  Some  of  you  have  left  your  homes 
a  thousand,  some  fifteen  hundred,  miles  behind  you.  Three 
days  ago  you  were  in  your  laboratories,  your  lecture  halls,  your 
quiet  studies,  pursuing  tranquilly  your  ordinary  occupations, 
and  to  day  finds  you  assembled  here.  The  power  by  which  you 
have  been  enabled  thus  to  triumph  over  space  is  the  gift  of 
science  to  the  industrial  arts.  The  iron  way  which  has  brought 
you  is  her  creation ;  the  iron  arm  which  has  dragged  you,  has 
been  clothed  by  her  with  its  herculean  strength.  Were  engi- 
neering science  at  this  time  no  farther  advanced  than  it  was 
when  the  great  commonwealth  of  Illinois,  but  a  brief  half 
century  ago,  first  took  her  place  in  the  sisterhood  of  the  states, 
the  time  it  would  consume,  the  expense  it  would  involve,  and 
the  excessive  fatigue  it  would  entail  to  bring  together  a  body 
of  representative  men  from  points  so  widely  separated  as  the 
banks  of  the  St.  Lawrence,  and  the  shores  of  the  Gulf  of 
Mexico,  would  render  an  assembly  like  the  present  a  thing 
wholly  impracticable.  It  is  then  to  science  herself  that  we 
owe  it  that  we  are  able,  with  so  little  inconvenience,  to  hold 
our  annual  consultations  for  the  advancement  of  science. 

Yet  it  may  be  doubted  whether  this  fact  has  to  any  great 
degree  occupied  your  thoughts  on  your  way  hither.  You  have 
been  much  less  intent  upon  what  science  has  done  than  upon 
what  she  has  yet  to  do.  Accomplished  facts  have  for  the 
investigator  but  a  secondary  interest.  He  is  even  prone  almost 
to  forget  them  in  the  earnestness  with  which  he  addresses  him- 
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self  to  the  things  which  reinain  to  be  accomplished.  There 
are  a  thousand  traths,  and  applications  of  truths,  which  iq  the 
day  of  their  novelty  fastened  universal  attention,  but  which 
having  become  familiar,  and  having  been  added  to  the  perma- 
nent treasury  of  knowledge,  have  at  length  almost  ceased  to 
be  remembered  as  the  gifts  of  science  to  civilization.  Who, 
for  instance,  that  uses  now  the  electric  telegraph,  thinks  of  the 
slow  process  of  evolution  by  which,  in  the  hands  of  CErsted 
and  Ampere  and  Arago  and  Henry,  the  laws  of  electro-dynam- 
ics were  gradually  unfolded;  or  of  the  happy  sagacity  by 
which,  in  the  laboratories  of  Daniell  and  Grove  and  Bunsen, 
the  powerfiQ  and  persistent  electro-motors  now  in  universal  use 
were  conceived  and  perfected ;  or  recognizes  the  fact  that  but 
for  the  combined  results  of  all  these  labors,  this  wonderful 
instrument  of  communication  could  have  had  no  existence? 
Or  who  that  pauses  for  a  moment  before  the  show  window  of  a 
print  shop  in  any  one  of  our  great  cities,  to  inspect  curiously 
the  latest  photograph  of  the  pyramids  of  Egypt,  the  mountain 
goiges  of  California,  the  glaciers  of  the  polar  seas,  or  the  ruins 
of  Mexico  or  Peru,  remembers,  if  he  ever  knew,  the  weary  and 
disappointing  toils  protracted  through  years,  by  which  Dar 
guerre  and  Talbot,  and  Niepce  de  St.  Victor  succeeded  at  last 
in  permanently  fixing  the  fleeting  images  of  the  camera? 

These  illustrations  lead  me  to  remark  that,  in  the  history  of 
eveiy  new  truth  brought  to  light  by  scientific  investigation, 
there  are  three  stages  corresponding  to  three  periods  in  the  life 
of  man.  The  first  may  be  likened  to  the  period  of  birth  and 
infancy,  deeply  interesting  to  the  parent  or  to  those  for  whom 
infancy  has  charms,  but  regarded  with  indifference  by  the 
world  in  general ;  the  second  answers  to  the  youth  of  the  indi- 
vidual, during  which  feebleness  is  ripened  into  strength,  and 
the  helpless  child  is  trained  to  a  useftd  vocation ;  and  the  third 
is  the  period  of  maturity  in  which  the  full-grown  man  becomes 
merged  in  the  society  which  surrounds  him,  where,  though  his 
nsefhlness  is  recognized,  few  trouble  themselves  to  inquire  be- 
neath what  roof  he  was  cradled,  or  under  what  tutelage  his 
nascent  powers  were  developed. 

In  the  observation  of  Volta  upon  certain  curious  disturbances 
of  electrical  equilibrinm,  we  have  an  example  of  a  truth  in  its 


60  ADDRESS   OF   EX-PBESIDEMT   BARNARD. 

infancy:  in  electro-chemistry  and  electro-mi^netism,  in  the 
alkaline  metals,  in  the  galvanoplastic  arts,  the  electric  tele- 
graph, and  the  light  houses  of  Dungenness  and  La  Heve,  we 
have  the  same  truth  in  its  vigorous  maturity.  In  the  mercurial 
vacuum  produced  first  by  Torricelli,  we  have  another  element- 
ary truth.  In  the  engine  of  Newcomen,  destined  by  successive 
transformations  to  pass  into  the  powerful  motor  which  is  the 
soul  of  modem  industry  on  the  land  and  of  modem  commerce 
on  the  ocean,  we  have  this  also  in  its  later  phases  of  de- 
velopment and  useful  application.  Galileo  demonstrated  the 
isochronism  of  the  oscillation  of  suspended  bodies ;  the  conse- 
quence is  before  our  eyes  every  day  in  the  pendulum  clock. 
WoUaston  marked  the  curious  fact  of  the  transverse  striation 
of  the  solar  spectrum.  Bunsen  and  Eirchhoff  converted  this 
into  an  instrument  of  chemical  research,  and  Huggins,  Miller, 
Secchi  and  others  have  more  recently  read  by  its  help  the  con- 
stitution of  the  sun,  the  fixed  stars  and  the  nebulse.  The 
applications  of  troths  of  science  to  the  industrial  arts  are  so 
numerous,  that  there  is  scarcely  any  article  we  handle  in  our 
daily  life,  which  does  not  furnish  an  illustration.  And  aU  these 
things  serve  to  show  how  matured  science  passes  gradually  into 
common  knowledge,  while  nascent  science  is  always  the  exclu- 
sive possession  of  the  limited  class  who  make  its  culture  a 
specialty. 

This  class,  though  limited,  hold  to  the  world  in  genial  a 
position  and  a  relation  exceedingly  important.  They  may  be 
likened  to  the  pioneer  corps  of  an  army  miarching  through  an 
unexplored  and  difllcult  country.  •They  break  the  path  in 
which  the  multitude  are  to  follow.  Their  place  is  m  the  front, 
and  their  faces  are  turned  toward  the  wilderness  which  the 
invasion  has  not  yet  reached.  And  so  our  pioneers  are  always 
found  energetically  operating  in  the  border  region  which 
divides  the  known  from  the  unknown;  and  they  too  like 
the  others,  forgetting  or  disregarding  the  things  that  are  be- 
hiud,  are  chiefly  intent  on  effecting  new  encroachments  upgn 
territory  as  yet  unconquered.  Their  task  is  difficult.  Their 
numbers  are  few  and  scattered.  They  feel,  therefore,  the 
need  of  often  drawing  near  together,  and  taking  counsel  of 
each  other,  for  the  promotion  of  their  common  interests.    It  is 
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thus  that  they  have  been  led  to  organize  themselyes  into  per- 
manent associations  for  mntaal  assistance  and  encouragement. 
Svch  associations  have  accordingly  grown  up  in  every  land  in 
wluch  science  is  cultivated,  and  their  influence  has  been 
eminently  beneficial  in  promoting  unity  and  efficiency  of  ac- 
tion, and  in  keeping  alive  the  zeal  of  those  who  compose  them, 
for  the  advancement  of  the  common  cause.  On  this  side  of 
the  Atlantic  your  associajbion  is  the  most  prominent  example  of 
this  class  of  oi^anizations. 

It  is  a  usage  sanctioned  by  time,  that  your  retiring  presi- 
dent, in  laying  down  his  office,  should  improve  the  opportunity 
to  glance  briefly  over  the  general  field  of  science,  and  present 
in  outline  the  principal  facts  of  progress  which  have  marked 
the  Mstoiy  of  the  year  that  has  passed.  It  is  not  quite  easy, 
nevertheless,  in  an  area  of  intellectual  activity  so  extended, 
and  where  the  laborers  are  so  numerous,  to  make  such  a 
Biurey  exhaustive  ;  and  where  investigation  is  so  steadily  con- 
tinoons,  it  is  equally  difficult  to  decide  how  much  belongs  to 
the  history  of  a  particular  year,  and  to  adjust  the  achievements 
of  science  severely  to  the  calendar. 

This  last  difficulty  is  illustrated  in  the  very  first  topic  to 
which  I  shall  draw  your  attention.  Since  your  last  meeting  the 
Smithsonian  Institution  has  published  the  fifteenth  volume  of 
its  ^^  Contributions  to  E[nowledge,"  containing  the  new  investi- 
gation of  the  orbit  of  the  planet  Neptune,  by  Professor  Simon 
Newoomb  of  the  United  States  Naval  Observatory.  But  this 
able  discussion,  though  only  now  formally  published,  already 
dates  back  some  two  or  three  years,  and  has  been  for  some 
time  in  the  hands  of  astronomers.  It  has,  nevertheless,  an 
mterest  which  will  justify  a  brief  mention  here.  The  theory 
of  this  planet  has  long  been  in  a  condition  so  unsatisfactory  as 
to  demand  thorough  revision.  And  since  our  country  was  the 
first  to  produce  an  investigation  of  the  perturbations  of  the 
body,  and  an  ephemeris  of  its  movements,  in  the  contribu- 
tions of  Professor  Peuxse  to  the  Monthly  Notices  of  the  Eoyal 
Astronomical  Society,  and  in  the  discussions  and  tables  pub- 
lished by  the  lamented  Walker  among  the  earlier  Smith- 
sonian papers,  it  is  gratifying  to  find  that  the  work  of 
reoonstmetioii    bas  been  undertaken  and  has  been  so  well 
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performed  by  an  American  hand.  The  necessity  of  the 
revision  appears  in  the  fact  that,  in  1863,  the  ephemeris  of 
Walker  was  33"  in  err6r,  and  that  of  Kowalski,  published 
some  years  later,  22'^  Before  the  end  of  the  present  centuiy, 
the  error  of  either  of  them  must  become  enormous — not  less 
than  6'.  The  earlier  theories  were  founded  on  a  very  limited 
period  of  observation ;  that  of  Walker  on  the  observations  of 
but  little  more  than  a  year,  during  which  the  planet  had  moved 
only  2^°.  In  the  twenty  years  which  have  since  elapsed,  the 
progress  of  this  body  in  longitude  has  exceeded  40° ;  so  that 
the  influence  of  errors  of  observation  upon  the  value  of  the  ele- 
ments is  tenfold  less  than  it  was  when  Mr.  Walker  undertook 
the  investigation.  Professor  Newcomb  has  produced  a  theory 
which  represents  the  observations  since  the  discovery  of  the 
planet  in  1846,  and  also  the  unconscious  observation  of  the 
same  body  by  Lalande  in  1795,  with  a  maximum  error,  usually 
negative,  less  than  2"  and  a  mean  error  less  than  1".  He  has 
discussed  the  question  whether  the  observations  can  be  better 
satisfied  by  any  changes  in  the  elements  of  the  orbit  and  in  the 
masses  of  the  disturbing  planets,  and  has  concluded  that, 
while  no  admissible  change  in  the  mass  of  either  Jupiter  or 
Saturn  will  effect  the  perturbations  of  Neptune,  neither  will  any 
correction  of  that  of  Uranus  do  so  which  is  not  at  once  exces- 
sive and  unreliable.  Considering  the  question  whether  the 
remaining  errors  are  owing  to  an  extra-Neptunian  planet  as 
yet  unknown,  he  decides  against  the  present  evidence  of  the 
action  of  any  such  body ;  but  regards  this  negative  result  as 
not  by  any  means  decisive  against  the  existence  of  such  a 
planet,  because  the  errors  of  a  slow  moving  planet  require  for 
their  developement  a  much  longer  time  than  those  of  planets 
of  short  period,  these  errors  developing  themselves  not  in  pro- 
portion to  the  time,  but  to  the  square  of  the  arc  moved  over. 
When  Neptune  was  detected  through  the  perturbations  of 
Uranus,  this  latter  planet  had  been  observed  through  an  arc  of 
270® ;  and  the  two  planets  had  been  in  conjunction.  Yet  not- 
withstanding these  favoring  circumstances,  Uranus  had  only 
departed  about  5"  jfrom  an  elliptic  orbit  since  its  first  dis- 
covery. Had  it  been  observed  only  through  an  arc  of  120® 
(something  less  than  half  as  great)  its  deviations  would  not 
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bave  exceeded  1".    Whether,  therefore,  Neptune  is  the  exterior 
planet  of  the  solar  system  or  not,  cannot  be  at  present  posi- 
^Tely  decided,  and  no  evidence  to  throw  light  upon  the  ques- 
tion can  be  looked  for  in  the  anomalies  of  its  movements 
during  the  present  century. 

This  yaluable  contribution  to  astronomical  science  suggests 
another,  more  recent,  by  the  same  hand.     From  the  observa- 
tions of  the  planet  Mars  in  opposition  made  in   1862,  at 
Washington,  Albany,   Greenwich,  Leyden,  Helsingfors    and 
FolkoYa,  in  the  northern  hemisphere,  and  at  the  cape  of  Good 
Hope  and  Santiago  de  Chili  in  the  southern,  Mr.  Newcomb 
has  deduced  a  new  value  for  the  solar  parallax,  which  he  makes 
to  amount  to  8".865,  with  a  probable   error  of  0".02.     The 
value  of  this  element  is  perhaps  the  most  important  of  all  con- 
stants in  physical  astronomy ;  since  on  it  depends  our  knowl- 
edge of  the  distance  of  the  sun,  which  is  the  unit  of  measure- 
ment in  the  celestial  spaces.     The  value  heretofore  received, 
8'.58,  deduced  by  Encke,  jfrom  the  observations  of  the  transit  of 
Venus  made  in  1769,  has  always  been  regarded  with  a  certain 
distrust,  founded   on  circtunstances  not  wholly  satisfactory 
attending  the  Norwegian  observations.     Mr.  Leverrier  had 
greatly  strengthened  these  suspicions,  by  discussing  the  obser- 
vations of  the  sun,  in  reference  to  the  lunar  inequality  of  its 
longitude,  which  led  him  to  the  conclusion  that  the  parallax 
should  be  increased  to  8'^95.     He  had  arrived  at  a  sinular 
result  from  a  carefhl  revision  of  the  theories  of  the  planets 
Venus  and  Mars,  according  to  which  it  appeared  that  such  an 
increase  of  the  parallax  was  necessary  to  satisfy  the  observer 
tions  of  those  bodies. 

In  the  mean  time  Mr.  Fizeau  attempted  his  ingenious  deter- 
termination  of  the  velocity  of  light,  by  observations  made  at 
limited  distances  on  the  earth's  surface.  Mr.  Foucault  subse- 
quently engaged  in  the  same  experimental  investigation,  with 
apparatus  constructed  upon  an  original  principle.  It  is  easily 
aeen  that  if  we  have  the  true  velocity  of  light,  we  have  indi- 
rectly and  at  once  the  solar  parallax.  For  the  aberration  of 
the  fxed  stars  gives  us  a  determinate  relation  between  the  ve- 
locity of  light  and  that  of  the  earth  in  its  orbit.  And  the 
Telocity  of  the  earth  with  its  periodical  time,  ftuiushes  directly 
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its  mean  distance  from,  the  sun.  The  resnlts  obtained  by  both 
these  experiments,  inclined  toward  the  smaller  value.  Mr. 
Foucault  more  recently  resumed  his  experiments ;  and  having 
taken  extreme  precautions  to  exclude  the  possibility  of  sensible 
error,  he  arrived  at  new  results  which  led  him  to  announce  the 
parallax  at  length,  at  8^^86.  It  is  interesting  to  observe  the 
near  approach  to  identity  between  this  result,  and  that  reached 
by  Professor  Newcomb  by  a  method  purely  astronomical.  Pro- 
fessor Newcomb  combines  this  determination  with  several  oth- 
ers, including  that  deduced  from  the  experiments  of  Foucault 
just  mentioned,  and  those  which  have  been  fhmished  by  the 
micrometrical  measurements  of  Mars  by  Professor  Hall  made 
in  1862,  the  parallactic  equation  of  the  moon,  the  lunar  equar 
tion  of  the  earth,  and  finally  the  transit  of  Venus  of  1769  re- 
computed by  Professor  Powalky;  the  conclusion  arrived  at, 
afber  assigning  its  proper  weight  to  each  determination,  being, 
that  the  true  parallax  is  8^^848,  or  8'^85,  with  a  probable 
error  of  O^'.Old.  This  would  make  the  mean  distance  of  the 
sun  92 j^  millions  of  miles,  or  about  3000000  less  than  the 
value  heretofore  received. 

A  very  curious  question  has  been  agitating  the  astronomical 
world  for  more  than  a  year  past,  in  regard  to  the  asserted  dis- 
appearance of  the  lunar  crater  LinnsBus.  This  crater  was 
described  by  Madler  as  very  large,  being  not  less  than  six 
miles  across,  and  also  as  very  deep.  In  the  latter  part  of 
1866,  it  was  announced  by  Dr.  Schmidt  of  Athens,  that  it  had 
entirely  disappeared  and  had  been  replaced  by  what  he  de- 
scribed as  a  whitish  spot.  Subsequently  within  this  spot  and 
at  its  centre,  it  was  further  asserted  that  there  had  appeared  a 
minute  dark  point,  seen  independently  by  Schmidt  at  Athens, 
Secchi  at  Rome,  and  Lyman  at  New  Haven,  indicating  the 
formation  of  a  new  crater;  and  this  has  apparently  grown 
larger  and  gradually  changed  its  place.  If  these  observations, 
which  seem  as  yet  to  be  received  by  many  with  reserve,  should 
be  confirmed,  quite  a  new  interest  will  be  given  to  the  study  of 
the  physical  aspects  of  our  satellite. 

On  the  21st  of  August,  1867,  Jupiter  was  seen  under  those 
rarely  occurring  conditions  in  which  he  appears  without  satel- 
lites.   Two  of  the  satellites  were  in  eclipse,  and  two  were  pro- 
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jected  on  his  disk.  At  this  time  the  appearances  presented  by 
the  satellites  in  transit  were  so  remarkable  as  to  attract  general 
attention.  The  light  of  the  fourth  satellite  was  extremely 
feeble  so  that  it  was  desciibed  as  appearing  no  brighter  than 
its  shadow  on  the  disk.  There  was  noticed,  also,  by  one  ob- 
senrer,  a  singular  configuration  of  light  and  shade  occupying 
one  half  the  disk  of  the  third  satellite,  such  as  had,  on  a 
form^  occasion,  been  seen  on  the  other  half.  This  suggests 
the  possibility  that  the  commonly  received  opinion,  viz.,  that 
all  the  satellites  of  the  planets  like  the  moon,  turn  constantly 
the  same  face  toward  their  primaries,  is  not  true.  The  dimness 
of  the  fourth  satellite  in  transit,  and  the  varying  brightness  of 
all  of  them  in  similar  circumstances,  were  noticed  a  century 
and  a  half  ago  by  Pound ;  and  the  latter  phenomena  were  at 
the  time  ascribed  by  him,  very  plausibly,  to  the  proper  rotation 
of  those  bodies  on  their  axes  and  the  unequal  reflecting  power 
of  different  parts  of  their  surfaces.  The  identity  of  the  rotar 
tion  and  revolution  period  of  the  secondaries  must  evidently 
DO  longer  be  taken  for  granted. 

Of  the  family  of  small  planets  between  Mars  and  Jupiter, 
tilie  number  rapidly  increases.  Since  your  last  meeting,  eight 
additional  members  have  been  announced,  of  which  three  are 
doe  to  an  American  observer.  Professor  Watson  of  Ann  Arbor. 
The  total  number  now  known,  so  far  as  I  am  at  present  in- 
formed, for  it  is  not  quite  safe  to  be  positive,  is  exactly  one 
handred.  The  earliest  body  of  this  class  ever  discovered,  and 
except  one  probably  the  largest,  was  first  seen  by  Piazzi  on 
the  very  first  day  of  the  present  century.  It  is  interesting  to 
remember,  at  a  time  when  every  few  months  adds  a  new  mem- 
her  to  this  already  very  numerous  group,  that  this  first  of  the 
minor  planets  was  lost  soon  after  its  discovery,  and  was  not 
recovered  again  for  nearly  eleven  months.  Piazzi's  last  obser- 
vation, previous  to  the  loss,  was  made  on  the  11th  of  February, 
1801,  when  illness  interrupted  his  labors.  The  rediscovery 
was  made  by  De  Zach  with  the  aid  of  an  ephemeris  computed 
by  Gauss,  who  had  never  seen  the  object,  on  the  3 1st  of  De- 
cember, of  the  same  year.  Of  seventy  one  of  these  small 
planets  Mr.  Stone  has  formed  a  table  of  probable  dimensions. 
He  places  Vesta,  discovered  fourth  in  order  in  1807,  and 
A.  A.  A.  s.  VOL.  xvn.  9 
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esteemed  at  the  time  of  its  discovery  the  smallest  of  the  four, 
at  the  head  of  the  list,  and  fixes  its  diameter  at  214  miles. 
Echo  stands  lowest  in  his  catalogue,  its  diameter  being  esti- 
mated at  only  seventeen  miles.  Jt  illustrates  the  increasing 
frequency  of  discovery  in  this  class  of  celestial  objects  in  recent 
years,  and  at  the  same  time  the  high  degree  of  perfection  of 
the  modem  star  maps  which  has  made  this  frequency  possible, 
that  after  the  discovery  of  Vesta  nearly  forty  years  elapsed  be- 
fore another  addition  was  made  to  the  list,  and  that  the  first  - 
half  of  this  century  yielded  in  all,  only  ten.  Since  1850,  the 
average  rate  of  discovery  has  been  about  three  a  year. 

The  period  of  the  diurnal  rotation  of  Mars  has  recently 
been  redetermined  by  Mr.  Proctor  of  the  Royal  Astronomical 
Society  from  a  comparison  of  Hooke's  observation  made  March 
12,  1666,  with  recent  observations  in  1856,  1864  and  1867,  the 
longest  interval  embracing  71 538  rotations.  The  result  shows 
the  necessity  of  a  correction  amounting  to  about  a  second,  of 
the  period  assigned  by  Madler  from  the  results  of  seven  years 
observations.  It  exceeds  by  about  a  tenth,  or  fifteen  hun- 
dredths of  a  second,  the  determination  made  by  Kaiser. 

Our  countryman,  Mr.  Cleveland  Abbe,  formerly  of  the  Pul- 
kova  Observatory,  has  made  a  carefril  and  laborious  calcu- 
lation of  the  parallax  of  Sirius,  from  the  observations  of 
this  star  with  the  transit  circle  made  at  the  Cape  of  Good 
Hope.  He  concluded  the  parallax  to  be  not  less  than  0''.17 
nor  more  than  0''.37  making  the  distance  to  fall  between  six 
and  thirteen  hundred  thousand  times  the  diameter  of  the 
earth's  orbit.  The  determination  by  Henderson,  deduced  from 
observations  at  the  same  point,  lay  between  these  limits  and 
near  the  lower,  implying  a  distance  of  900000  similar  diame- 
ters. When  it  is  considered  that  this  star  is  by  far  the  bright- 
est in  the  heavens,  exceeding,  if  we  adopt  the  scale  of  Secehi, 
perhaps  forty  times  the  brilliancy  of  61  Cygni,  whose  parallax 
is  near  the  maximum  given  by  Abbe  in  this  determination,  we 
may  form  some  feeble  conception  of  what  must  be  the  intrinsic 
splendor  of  this  magnificent  globe. 

Mr.  Abbe  has  also  contributed  to  the  Royal  Astronomical 
Society  an  interesting  examination  of  the  distribution  of  the 
nebulae.    The  clusters  and  planetary  nebulae  he  considers  to 
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belong  to  the  milky  way,  but  other  nebulffi  form  independent 


.  On  the  seTenteenth  of  August  in  the  present  year,  a  day  . 
now  near  at  hand,  there  will  occur  a  total  eclipse  of  the  sun, 
under  circuniBtances  remarkably  favorable  to  the  duration  of 
the  obscoration.  It  is  stated  by  Dr.  Weise,  before  the  Royal 
Astronomieal  Society,  that  there  are  but  two  total  eclipses  in 
history  which,  in  respect  to  diuration,  can  be  compared  to  this. 
The  first  is  the  famous  eclipse  said  to  have  been  predicted  by 
Thales,  which  happened  in  May,  583  B.  C,  during  a  battle 
between  the  Lydians  and  Medes,  filling  both  armies  with  con- 
sternation ;  and  the  second  was  that  which  occurred  in  June, 
14S5,  in  Scotland,  where  it  was  long  remembered  as  ''the 
black  hour."  The  eclipse  now  just  at  hand  occurs  near  the 
perigee  and  almost  at  the  moon's  minimum  distance  from  the 
earth.  It  happens  also  precisely  in  the  moon's  ascending 
node.  Where  the  centrality  takes  place  on  the  meridian,  the 
two  bodies  will  be  nearly  in  the  zenith,  so  that  the  augmenta- 
tion of  the  diameter  in  altitude  unll  be  a  maximum,  and  the 
rate  of  motion  of  the  shadow  on  the  earth's  surface  a  mini- 
mnm.  Thus  the  total  obscuration  will  be  hardly  less  than 
seven  minutes.  It  is  imfortunate  that  tMs  interesting  phe- 
nomenon will  occur  in  a  portion  of  the  earth  least  favorable  to 
its  observation.  It  commences  in-  Abyssinia,  crosses  southern 
Arabia  and  Hindostan,  the  Gulf  of  -Siam  where  the  duration 
of  the  total  phase  is  maximum,  the  islands  of  Borneo,  Celebes, 
and  the  southern  part  of  New  Guinea  to  the  New  Hebrides, 
where  it  ends  at  sunset.  The  extraordinary  opportunity  which 
this  eclipse  offers  for  studying  the  phenomena  of  the  solar 
atmosphere,  and  the  nature  of  those  extraordinary  rosy  flames, 
so  called,  occurring  during  totality,  which  have  for  thirty  years 
past  attracted  so  much  attention  and  excited  so  deep  an  inter- 
est on  the. part  of  astronomers,  will  not,  however,  remain 
nnimproved ;  very  lai^e  and  thorough  preparations  having  been 
made  by  the  astronomers  of  England  and  continental  Europe, 
to  secure  the  most  complete  record  possible  of  all  the  phe- 
nomena, including  photographic  views  of  the  phases  from 
many  different  stations.  The  results  obtained  by  such  means 
dnring  the  eclipse  of  July  18,  1860,  notwithstanding  the  dis- 
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appointments  which  attended  some  of  the  distant  expeditions 
then  sent  out,  were  of  great  interest ;  and  it  is  to  be  hoped 
that  the  similar  opportunity  which  now  presents  itself  will  be 
a  means  of  securing  a  rich  addition  to  the  materials  in  posses- 
sion of  science  for  the  study  of  solar  physics. 

This  question  indeed  of  solar  physics,  the  constitution  of 
the  sun's  atmosphere,  his  photosphere,  and  his  central  nucleus, 
is  one  which  has  attracted  to  itself  recently  much  laborious 
attention.  The  solar  spots  have  been  especially  the  subject  of 
patient  and  persevering  study,  fhmishing  as  they  do  evidence 
of  the  extraordinary  activity  and  energy  of  the  forces  which 
are  constantly  in  operation  producing  changes  in  the  luminous 
envelope.  Mr.  De  la  Rue,  Mr.  Balfour  Stewart  and  Mr. 
Loewy,  have  particularly  devoted  themselves  to  the  determinar 
tion  of  the  laws  governing  the  variations  of  the  total  area  of 
spot-surface,  and  its  distribution  over  the  face  of  the  sun. 
This  area  was  ascertained  for  successive  epochs  by  the  actual 
measurement  of  enlarged  photographs  of  the  sun.  The  face  of 
the  sun  being  divided  into  thirteen  equal  portions  or  lunes, 
each  corresponding  to  a  day's  motion,  by  great  circles  passing 
through  its  poles,  the  total  area  of  the  spots  in  each  lune  was 
ascertained  for  several  series  of  observations,  embracing  a 
period  of  many  months,  and  the  results  tabulated.  .From  a 
series  of  elaborate  tables  thus  formed,  it  was  presently  made 
apparent  that  the  region  of  maximum  spotted  area  is  not 
always  similarly  situated  on  the  sun's  disk  as  seen  from  the 
earth,  but  passes  from  left  to  right.  The  existence  of  an 
external  influence  affecting  the  phenomenon  is  thus  made  very 
probable,  and  by  comparing  the  changes  with  the  movements 
of  the  planets,  Venus  seems  to  be  distinctly  indicated  as  the 
body  exercising  this  influence.  The  recurrence  of  the  maxi- 
mum spot-area  in  the  same  longitude  relatively  to  the  earth 
on  the  sun's  surface,  is  evidently  periodical,  and  the  period 
corresponds  to  the  synodical  period  of  Venus.  Also  the 
average  size  of  a  spot  seems  to  be  maximum  on  the  side  of  the 
sun  which  is  turned  from  the  planet.  A  similar  effect  is 
ascribed  to  Jupiter,  but  the  investigators  show  that  this, 
though  perhaps  as  powerful,  is  not  characterized  by  so  large 
inequalities  as  that  of  the  smaller  body,  whose  comparative 
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inferiority  of  mass  is  more  than  compensated  by  its  proximity 
to  the  son.  The  observers  deduce  the  additional  conclusion 
from  their  inquiry,  that  the  spots  are,  on  the  whole,  nearest  to 
the  solar  equator  when  Venus  is  in  the  plane  of  that  great 
circle,  and  farthest  from  the  solar  equator,  when  the  heliograph- 
ical  latitude  of  the  planet  is  greatest.  This  observation  gives 
significancy  to  the  frict  long  known,  that  the  solar  spots  are 
never  seen  far  distant  from  the  equatorial  region. 

As  to  the  cause  of  these  spots,  or  more  generally  and  more 
properly  perhaps,  the  nature  and  determining  causes  of  the 
photosphere  in  which  they  make  their  appearance,  a  coi\}ectural 
theoiy  nmst  be  sought  in  the  known  influence  of  exceedingly 
hi^  temperatures  and  pressures  upon  the  chemical  condition 
of  ail  bodies.  This  subject  has  been  discussed  from  time  to 
time  with  great  ability,  by  Mr.  Faye  of  the  Imperial  Observsr 
tory  of  France,  by  Mr.  Balfour  Stewart  of  London,  and  by 
Mr.  Steny  Hunt  of  Montreal.  These  gentlemen  conceive  the 
son  to  consist  of  an  immense  mass  of  matter  in  a  gaseous  con- 
dition, but  with  its  chemical  affinities  held  in  check  by  heat,  so 
that  all-  the  elements  are  mingled  together  but  not  combined. 
The  condensation  of  this  gaseous  mass  is  such  as  to  give  it  a 
density  not  less  than  that  of  water.  Radiation  from  the  sur- 
fiu^e  of  the  mass  produces  a  depression  of  temperature  suffi- 
cient to  penmt  certain  elements  to  enter  into  combination; 
fonning  finely  divided  solids  or  liquids,  which  being  held  in 
suspension  in  the  surrounding  gases  and  vapors,  become  in- 
tensely luminous,  as  phosphoric  acid  is  momentarily  lumin- 
ous when  formed  by  combustion  in  oxygen  gas,  or  as  carbon 
is  luminous  in  the  candle  flame.  Supposing  the  general 
surface  of  the  sun  to  be  thus  overspread  with  a  luminous 
envelope,  the  theory  of  the  formation  of  the  spots  connects 
itself  with  that  of  the  lines  of  more  than  average  brightness, 
or  the  faculae.  And  it  seems  to  be  established  that  while. 
tiiese  latter  are  in  the  nature  of  immense  elevations  or  wave 
erests  of  the  luminous  matter  in  suspension,  so  the  former  are 
vast  depressions.  Or  rather,  while  the  faculse  are  produced  \}y 
ascending  currents,  the  maculae  are  formed  by  currents  de- 
BoeDding*  The  descending  currents  carry  the  luminous  pre- 
cipitate into  a  region  of  greater  beat,  where  it  is  decomposed 
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and  disappears.  Above  the  photosphere  there  is  evidence  of 
the  existence  of  an  atmosphere,  extending  perhaps  a  million  of 
miles,  perhi^s  much  more,  above  the  visible  surface,  and  in 
this,  on  those  rare  occasions  fhmished  by  total  eclipses,  are 
seen  the  irregolar  red  clonds  or  projections  which  have  been, 
so  much  discussed  of  recent  years,  and  of  which  we  hope  soon 
to  know  much  more.  These  flames  are  to  be  examined  with  the 
spectroscope  and  the  polariscope  during  the  eclipse  of  this 
month,  and  their  photographic  images  will  be  secured  at  many 
stations.  Observations  will  also  be  made  with  a  view  to  the 
detection,  if  possible,  of  the  intra-mereurial  planet,  of  which 
the  existence  has  been  suspected,  and  which  was  looked  for  in 
1860  without  success. 

The 'Star-shower  of  November  14,  which  had  been  witnessed 
in  Europe  on  the  14th  of  November,  1866,  returned,  as  pre- 
dicted, one  year  later,  in  a  more  westerly  longitude,  and 
was  extensively  observed  on  this  side  of  the  Atlantic.  This 
return  has  fhmished  fi^sh  material  to  confirm  the  received 
theory  of  these  .displays.  Periodical  meteors  may  be  re- 
garded as  proceeding  from  what  are  called  by  Schiaparelli 
cosmical  clouds,  which,  from  having  a  cometary  character, 
have  been  transformed  by  perturbations  produced  by  the 
planets  into  ciurents  or  streams,  revolving  round  the  sun 
in  extremely  elongated  orbits,  and  tending  constantly  to 
become  rings.  Mr.  Newton  had  pointed  out  that  the  period 
of  revolution  of  the  cosmical  cloud  producing  the  Novem- 
ber meteors  must  be  one  of  five,  of  which  four  were  less 
tlum  the  earth's  period,  and  one  much  larger,  or  thirty  two 
and  a  quarter  years.  Soon  after  the  return  of  the  shower  in 
1866,  Mr.  Adams  took  up  the  investigation  of  the  question, 
by  computing  the  perturbing  effect  of  the  planets  upon  the 
movement  of  the  node,  on  supposition,  first  of  a  period  less 
than  a  year,  and  secondly,  of  one  extending  to  thirty  two  and 
a  quarter  years.  The  first  supposition  gave  less  than  half  the 
observed  amount  of  movement,  and  the  second  accorded  so 
closely  with  observation  as  to  leave  no  doubt  of  its  truth.  Mr. 
Leverrier  regards  this  meteoric  stream  as  having  originated 
from  the  perturbation  of  a  cosmical  cloud  or  comet  produced 
by  Uranus  about  seventeen  centuries  ago. 
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A  very  curious  fact  connected  with  this  subject,  is  the  recent 
discovery  that  certain  bodies  which  have  been  distinctly  recog- 
nized as  comets,  are  unquestionably  members  of  periodical 
meteoric  groups.  It  was  found  by  Schiaparelli,  that  the  great 
comet  of  1862  is  only  one  of  the  August  meteoroids,  and 
that  the  first  comet  of  1866  is  a  member  of  the  November 
group,  near  the  head  of  the  train.  Another  curious  fact,  dis- 
covered by  Hoek  of  Utrecht,  is  that  there  are  double  or  triple 
systems  of  comets,  or  systems  in  which  two  or  three  must 
have  had  a  common  origin,  though  their  perihelion  passages 
have  been  separated  in  time  by  years. 

Some  observations  on  the  spectra  of  the  meteors  of  1866 
were  made  by  Mr.  Browning  of  London.  Those  of  different 
bodies  presented  appearances  remarkably  different.  They  were 
generally  continuous,  some  presenting  all  the  usual  colors 
except  the  violet,  which  was  perhaps  not  seen  on  account  of 
its  feebleness.  In  some,  the  yellow  was  greatly  predominant, 
though  the  other  colors  were  present.  Some  were  purely 
yellow,  or  nearly  so,  and  a  few  purely  green.  This  mode  of 
observation,  if  pursued,  may  lead  to  useM  results. 

The  spectroscopic  observations  of  the  sun,  stars  and  nebulae, 
continue  to  be  prosecuted,  those  of  the  stars  especially  by 
Father  Secchi.  He  has  arranged  the  stars,  as  characterized 
by  their  spectra,  in  three  groups,  the  first  embracing  only  such 
white  stars  as  have  a  black  band  in  the  part  of  the  spectrum 
between  the  green  and  blue,  and  another  in  the  violet;  the 
second  distinguished  by  possessing  colored  bands  in  the  red 
and  orange;  and  the  third  giving  only  fine  lines.  This  last 
embraces  Arcturus,  Capella,  and  our  own  sun.  To  this,  also, 
the  red  stars  generally  belong.  Few  stars  are  so  exceptional 
as  not  to  be  referable  to  one  or  another  of  these  classes,  but 
one,  at  least,  has  been  found  by  Secchi,  of  which  the  spectrum 
resembles  that  of  the  sun  observed  through  an  absorbing  solu- 
tion. This  indicates  an  atmosphere  of  peculiar  character  and 
of  extraordinary  density. 

To  the  metals  discovered  spectroscopically  to  exist  in  the 
sun,  Mr.  Angstrom  adds  n^anganese.  This  makes  the  twelfth, 
or  if  we  call  hydrogen  a  metal,  the  thirteenth,  certainly  ascer- 
tained to  exist  in  our  central  luminary ;  and  the  presence  there 
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of  copper,  is  also  probable.  None  of  the  precious  metals  are 
yet  among  the  number. 

Mr.  Stockwell  has  recently  published  an  extension  backward 
of  his  chart  of  the  eccentricity  of  the  earth's  orbit,  for  a 
second  million  of  years.  Should  the  theory  discussed  two 
years  ago  at  Buffalo,  which  connects  the  glacial  periods  of 
geology  with  this  secular  inequality,  be  found  tenable,  the 
chart  of  Mi'.  Stockwell  may  serve  a  usefhl  purpose  in  regular 
ting  geological  chronology.  An  interesting  inference  deduced 
from  the  inspection  of  the  chart,  is  that  the  periods  of  corres- 
ponding maximum  and  minimum  eccentricity  occiu*  at  inter- 
vals of  1450000  years.  Another  is,  that  two  large  maxima 
are  sometimes  immediately  consecutive,  and  sometimes  separ 
rated  by  a  number  of  minor  maxima,  so  that,  on  supposition 
that  such  a  maximum  brings  a  glacial  ^riod,  the  interval  be- 
tween two  such  periods,  or  two  severe  periods  of  such  a 
character,  may  be  very  variable. 

It  seems  due  to  the  memory  of  one  of  the  most  deserving  and 
most  highly  esteemed  of  American  astronomers,  now  passed 
away,  that  I  should  mention  in  connection  with  these  astro- 
nomical notices,  the  recent  publication  of  the  fifth  volume  of 
the  Annals  of  the  Harvard  Observatory,  containing  the  ex- 
tremely interesting  observations  of  the  great  nebula  in  Orion, 
made  by  Professor  George  P.  Bond.  This  work  completed 
and  edited  by  Professor  Safford,  now  of  the  Dearborn  Obser- 
vatory of  Chicago,  constitutes  one  of  the  most  elaborate  and 
valuable  studies  of  a  nebula  that  has  ever  been  made;  and 
it  will  be  a  standard  work  of  reference  in  all  friture  observations 
of  the  changes  in  form  or  brilliancy  of  this  most  beautifhl 
object  of  its  class,  and  of  the  stars  associated  with  it. 

In  geology,  while  the  contributions  to  particular  knowledge 
have  been  numerous,  and  evidences  of  activity  in  every  quarter 
are  satisfactory,  there  is  little  which  is  new  in  regard  to  theory. 
Mr.  Lombardini  has  communicated  to  the  Royal  Institute  of 
Lombardy,  some  jevidences  of  glacial  action  in  the  great  de- 
pression of  central  Africa,  and  suppose^  that  the  mountains  of 
Abyssinia  and  more  southern  regions  will  frimish  confirmatory 
evidence  to  the  same  effect.  He  concludes,  as  Agassiz  has 
done  from  his  observations  in  Brazil,  that  during  the  glacial 
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pmod  the  ice-envelope   overspread  the  entire  planet.    The 
tenability  of  this  theory  is  now  one  of  the  questions  of  highest 
interest  yet  \insettled.     There  is  some  ingenuity  in  the  sugges- 
\xm  recently  made,  that  glacial  phenomena  in  low  latitudes  as 
well  as  the  evidences  of  a  former  tropical  climate  in  the  polar 
regions  may  be  accounted  for  by  supposing  the  upheaval  of 
mountains  in  extra-tropical  regions  to  have  caused  a  gradual 
sli<£ng  of  the  earth's  external  crust  upon  the  central  fluid,  in 
consequence  of  the  centrifhgal  force  of  the  protruded  masses, 
tending  to  drag  them  down  to  the  equator.    It  is  certain  that 
the  amount  of  flexure  which  the  crust  would  on  this  supposi- 
tion have  to  undergo,  would  not  be  sufficient  to   produce 
rapture,  and  the  suggestion  is  free  from  the  mechanical  diffi- 
culties which  attend  the  hypothesis  of  a  change  of  position 
of  the  earth's  axis  of  rotation. 

The  geological  researches  of  Mr.  Raphael  Pnmpelly  in 
Japan,  Mongolia,  and  China,  have  at  length  appeared  among 
the  Smithsonian  Contributions.  They  furnish  a  Amd  of  valua- 
ble information  in  regard  to  an  extensive  region  of  the  earth 
which  has  been  little  explored.  Dr.  Newberry's  discovery  of 
the  mesozoic  character  of  the  great  Chinese  coal  deposits,  from 
foBsU  plants  gathered  by  Mr.  Pumpelly,  is  one  of  the  most  in- 
toesting  facts  brought  to  light  by  modem  geological  research. 
ArcluBol<^cal  inquiries,  especially  researches  concerning 
the  physical  and  social  condition  of  prehistoric  man,  and  the 
chronology  of  the  several  phases  of  his  existence,  continue  to 
be  pursued  with  unabated  zeal.  New  traces  of  the  primitive 
races  are  continually  appearing,  some  of  them  in  unexpected 
quarters,  as  for  inst^mce  remains  of  pile-dwellings  in  the 
Thames  at  London,  and  flint  implements  associated  with  the 
bones  of  recent  and  extinct  mammals  at  Paris.  The  most 
important  novelty  in  the  way  of  discovery  in  this  depart- 
ment, however,  is  that  of  a  human  skull,  in  the  lower  post- 
pliocene  deposits  of  the  plain  of  the  Aretino  in  Italy.  This 
occurs  in  a  regular  stratification  consisting  of  lacustrine  clays 
of  great  thickness,  embracing  bones  of  Elephas  primigenitis^ 
Biaon  priscus^  Cervu9  euryceros^  and  others.  Stone  imple- 
ments were  found  associated  with  the  skull  and  with  these 
bones.    Whatever  may  be  said  of  the  date  of  deposits  like 
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these,  which  must  be  very  ancient,  there  can  hardly  be  a  doubt 
that  the  computations  which  have  been  founded  on  the  observed 
progress  of  the  formation  of  alluviums  in  the  neighborhood 
of  former  discoveries,  have  led  to  extravagant  estimates  of 
their  antiquity.  An  interesting  reexamination  of  the  phenom- 
ena presented  in  the  valley  of  the  Somme,  has  recently  been 
published  by  Professor  Andrews  of  Chicago. 

Chemistry  is  so  fertile  a  subject  that  it  would  be  hopeless  to 
undertake  anything  more  than  to  notice,  here  and  there,  a 
point  of  interest  in  the  history  of  its  progress.  Two  improve- 
ments in  technical  chemistry  are  announced,  which  may,  possi- 
bly, be  found  to  be  of  great  commercial,  as  well  as  of  scientific 
importance.  One  of  these  is  a  method  which  has  been  pro- 
tected by  patent  in  France,  for  manufacturing  sulphuric  acid 
without  the  use  of  large  leaden  chambers.  There  is  nothing 
new  about  the  process  in  principle,  but  much  in  the  details  of 
application ;  the  apparatus  being  forty  times  reduced  in  bulk, 
and  the  acid  produced  almost  entirely  iBree  jfrom  impurities. 
Considering  the  importance  of  this  great  mineral  acid — the 
most  important  probably,  at  once  to  chemistry  and  the  arts 
of  all  chemical  reagents — anything  which  tends  to  simplify 
the  process  or  diminish  the-  cost  of  its  production,  or  to  im- 
prove the  quality  of  the  product,  must  be  esteemed  a  very 
essential  benefit  in  which  science  and  the  industrial  world 
share  equally. 

The  other  novelty  referred  to,  is  a  substitute  for  the  famous 
process  of  Leblanc,  for  the  preparation  of  carbonate  of  soda 
from  the  chloride.  In  this  the  sulphuric  acid  is  replaced  by 
sesquioxide  of  chromium,  heat  being  applied  and  a  current  of 
steam  directed  upon  the  mass.  A  second  heating  with  char- 
coal, which  converts  the  chromate  into  carbonate  and  revives 
the  sesquioxide,  completes  the  operation.  The  process  is 
ingenious  and  beautiful.  Whether  it  will  prove  commercially  a 
success  remains  to  be  seen. 

Contributions  to  organic  chemistry  have  been  too  numerous 
to  admit  of  a  detailed  review.  In  this  department,  Berthelot 
continues  to  stand  preeminent.  His  labors  on  the  hydrocar- 
bons have  been  productive  of  many  extremely  interesting 
results,  comprising    among   them   the    synthesis  of   several 
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organic  compounds.  A  year  ago,  he  effected  the  direct  syn- 
thesis of  acetylene  by  the  union  of  carbon  and  hydrogen ;  and 
more  reo^itly,  from  acetylene,  he  has  succeeded  in  producing 
oxalic  acid.  Another  very  interesting  result  obtained  by  the 
same  investigator,  consists  in  the  discovery  of  a  universal 
method  of  transforming  any  organic  body  whatever  into  a 
hydrocarbon,  with  the  amount  of  carbon  unchanged,  and  the 
hydrogen  a  maximum.  The  reagent  which  produces  this  effect 
18  hydriodic  acid. 

The  method  of  Berthelot  just  mentioned  for  producing 
oxalic  acid  synthetically,  is  equalled  if  not  surpassed  in  in- 
terest by  a  discovery  of  Dr.  Drechsel,  by  which  the  same  acid 
is  produced  by  a  reduction  of  the  carbonic.  This  result,  on  its 
announcement  in  the  chemical  society  of  London,  was  received 
with  expressions  of  high  and  just  admiration. 

Considerable  interest  has  also  been  excited  by  the  researches 
of  Mr.  Griess,  upon  a  series  of  organic  compounds  in  which 
the  hydrogen  is  replaced  by  nitrogen,  which  have  led  him  to 
the  discovery  of  a  class  of  organic  explosives,  exceedingly 
by  energetic.  It  is  a  curious  fact  that  every  known  explo- 
sive, liquid  or  solid,  is  a  compound  into  which  nitrogen 
enters. 

In  physioo-ehemistry,  a  very  ingenious  theory  has  been  pro- 
posed by  Mr.  M.  Carey  Lea,  of  Philadelphia,  to  explain  the 
action  of  light  upon  photographic  salts,  especially  the  iodide  of 
sUver.  The  prevailing  opinion  has  been,  that  the  salt  under- 
goes a  partial  reduction,  and  thus  acquires  the  property  of 
combining  with  the  vapor  of  mercury.  The  improbability  of 
this  hypothesis  is  shown  by  the  fact  long  known  to  photo- 
graphers, that  the  plate  loses  this  power  of  combination,  and 
recovers  its  sensitiveness  to  light,  if  kept  for  a  time  in  a  dark 
place.  Mr.  Lea  is  of  opinion  that  the  change  is  physical  and 
not  chemical,  and  that  the  molecules  acted  upon  by  the  light 
have  their  vibratory  motions — their  vis  viva — exalted,  by 
sympathy  with  the  luminous  vibrations ;  as  sonorous  bodies 
are  excited  by  a  sound  in  harmony  with  that  which  they  are 
capable  of  yielding.  He  proposes  to  give  to  this  influence  the 
name  actinescence.  This  theory  serves  to  explain  the  remark- 
able phenomenon  discovered  by  Niepce  de  St.  Victor,  viz : 
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that  light  may  be  '*  stored  np "  or  absorbed  by  bodies  which 
have  been  exposed  to  it,  so  that  afterwards  such  bodies  will 
act  chemically  upon  sensitive  plates  in  the  dai^;  an  efTect 
which  continues  for  a  considerable  time.  The  plaosibiLity 
of  the  theory  will  doubtless  secure  for  it  a  general  recep- 
tion. 

Dr.  Emerson  Beynolds  of  Dublin,  has  recently  shown  that 
photographic  plates  which  have  been  impressed  by  light,  may 
be  quickly  restored  to  sensitiveness,  and  the  latent  images 
obliterated,  by  exposure  to  ozone.  He  regards  this  fact  as  a 
conclusive  proof  that  the  image  is  produced  by  a  chemical 
change,  and  that  what  he  calls  the  mechanical  theory,  which  is 
the  theory  .of  Mr.  Lea,  is  untenable.  The  premises  do  not  seem 
to  justify  the  conclusion.  The  molecules  of  ozone  of  which 
the  density  has  been  recently  found  by  Regnault  to  exceed 
1".5,  may  very  probably  possess  precisely  such  a  vibratory 
period  as  to  interfere  with  the  vibrations  of  the  molecules  of 
the  iodide,  though  the  oxygen  and  nitrogen  of  the  air  have  not 
such  an  effect. 

It  has  been  demonstrated  by  Professor  Knoblauch  that  heat, 
like  light,  transmitted  through  doubly  refracting  crystalline 
films,  suffers  interferences ;  so  that  in  the  polariscope,  if  the 
analyzing  prism  is  rotated,  the  calorific  rays  transmitted  in 
opposite  azimuths  are  complementary  to  each  other.  This 
fhmishes  a  new  and  very  interesting  evidence  of  the  fact  that 
light  and  heat  are  physically  identical,  and  that  their  differ- 
ences are  only  differences  relatively  to  our  perceptions. 

To  the  apparatus  of  static  electricity  a  valuable  contribution 
was  made  a  year  or  two  since,  in  the  now  well  known  induc- 
tion machine  of  Mr.  Holtz.  A  similar  service  was  rendered  to 
dynamic  electricity  in  the  ingenious  magneto-electrical  machine 
contrived  by  Mr.  Wilde.  At  the  Universal  Exposition  in  Paris 
during  the  last  year,  Mr.  Ladd,  of  London,  exhibited  a  mechan- 
ical electro-motor  of  still  more  simple  construction,  in  which 
the  currents  generated  in  the  wire  wrapping  of  a  revolving 
armature  are  employed  to  excite  the  electro-magnet  by  which 
the  armature  is  itself  excited ;  while  a  second  revolving  arma- 
ture is  employed  for  the  purpose  of  obtaining  an  independent 
current  to  be  used  in  electrolysis  or  for  the  production  of  light. 
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This  machine  of  which  the  effects  are  surprisingly  powerfVil  has 
excited  an  extraordinary  interest  for  the  promise  it  holds  out 
of  practical  usefulness,  and  for  the  illustration  it  affords  of  ^the 
direct  conversion  of  dynamic  into  electrical  energy. 

Two  new  chemical  electro-motors  have  been  announced,  one 
by  Mr.  J.  B.  Balsamo  formed  of  plates  of  iron  for  both  posi- 
tive and  negative  elements,  immersed  in  cells  with  a  porous 
partition,  filled  on  one  side  with  dilute  acid,  and  on  the  other 
with  solution  of  table  salt.  The  iron  on  the  side  of  the  acid 
acts  as  the  positive  element,  and  the  other  as  the  negative. 
This  battery  which  is  of  considerable  power,  has  a  theoretic  as 
well  as  practical  interest. 

The  other  novelty  is  a  battery  in  which  the  negative  element 
is  chloride  of  silver  Aised  round  a  silver  wire,  the  positive  ele- 
ment being  zinc.  The  pair  are  immersed  in  salt  water .^  This 
apparatus  which  is  recommended  by  its  simplicity  and  neatne  ss, 
is  due  to  Dr.  Hugo  Miiller  and  Mr.  Warren  de  la  Rue. 

A  curious  addition  has  been  made  to  the  materials  for  the 
theory  of  electro-dynamics,  in  the  discovery  by  Mr.  Edmond 
Becquerel,  of  the  fact  that  capillarity  is  an  electro-motive 
power.  The  contact  of  solutions  in  capillary  spaces  is  attended 
with  the  deposition  of  their  bases  in  metallic  form,  precisely  as 
in  galvano-plastic  operations.  This  discovery  is  eminently 
suggestive.  Its  farther  prosecution  cannot  fail  to  lead  to  inter- 
esting, perhaps  to  important,  results. 

To  dynamic  electricity  Dr.  Edlund  has  also  contributed  the 
discovery  that  currents  passing  through  conducting  metals  pro- 
duce an  expansion  of  the  conductor  which  is  independent  of  heat. 

Certain  phenomena  observed  by  Professor  Daniell  show  the 
existence  of  a  considerable  mechanical  power  in  the  voltaic 
current,  capable  of  transporting  heavy  substances  in  mass. 
This  discovery  taken  in  connection  with  nearly  simultaneous 
observations  by  Mr.  H.  Poggendorf  on  an  analc^ous  effect  pro- 
duced in  the  movement  of  static  electricity,  presents  a  paradox 
of  which  the  solution  is  not  obvious.  In  the  voltaic  current  a 
conducting  substance  like  mercury  is  transported  rapidly  along 
a  tube  from  the  positive  to  the  negative  pole.  This  movement 
will  even  take  place  on  an  inclined  plane  against  gravity.  In 
the  continuous  discharge  between  the  electrodes  of  a  Holtz 
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machine,  however,  the  mercury  moves  with  equal  rapidity  from 
the  negative  to  the  positive  pole. 

Discussion  still  continues  on  the  much  controverted  subject 
of  spontaneous  generation,  notwithstanding  the  seemingly  con- 
clusive experiments  of  Mr.  Pasteur.  In  connection  with  this 
subject,  Dr.  Wjrman's  investigations  with  respect  to  the  power 
of  living  organisms  to  resist  heat,  published  since  your  last 
meeting,  possess  unusual  interest. 

Recent  publications  throw  much  light  upon  the  question 
heretofore  unsettled,  as  to  the  immediate  source  of  the  energy 
manifested  in  the  muscular  contractions  of  living  animals.     It 
has  been  a  favorite  supposition  that  this  energy  is  fbmished  at 
the  expense  of  the  muscle  itself,  and  that  no  part  of  it  is 
derived  from  any  other  source.    This  hypothesis  seems  to  have 
been  conclusively  overthrown,  by  recent  observations ;  among 
which  may  be  mentioned  those  of  Dr.  Douglass  upon  the  pris- 
oners in  the  Madras  penitentiary,  which  show  that  the  proteine 
compounds  frimished  in  food  are  not  an  adequate  equivalent 
for  the  work  performed.    Muscular  energy  must  therefore,  in  a 
measure  at  least,  be  derived  from  the  oxidation  of  non-azotized 
compounds  contained  in  the  circulation.    But  this  information, 
though  interesting,  brings  us  no  nearer  to  the  solution  of  the 
mystery  how  heat  or  electricity  or  chemical  force  becomes  mus- 
cular force  in  the  living  animal.    On  the  subject  of  muscular 
dynamics,  there  is  absolutely  no  theory  at  all.    We  have  a 
rational  proximate  account  of  the  conversion  of  electrical 
energy  into  magnetic  energy.    We  have  a  conception  of  how 
and  why  the  magnet  produces  motion.    We  have  a  theory  also 
of  the  transformation  of  heat  into  molar  force  in  the  cylinder 
of  the  steam  engine.    But  in  regard  to  the  contraction  of  ani- 
mal muscles  there  is  not  yet  in  any  proper  sense,  any  physical 
theory  whatever.   We  have  on  the  one  side  the  chemical  action. 
We  have  on  the  other  the  mechanical.    The  connecting  link — 
the  mode  of  transformation  of  the  one  into  the  other — is 
wanting — so  utterly  wanting  that  the  vi^uest  conjecture  can- 
not hazard  even  a  hypothesis  to  supply  it.    Have  we  not  here 
probably  reached  a  limit  which  it  will  never  be  permitted  to 
human  investigation  to  transcend?    This  question  suggests  a 
thought  to  which  I  desire,  for  a  moment  before  concluding,  to 
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draw  your  attention,  and  for  the  sake  of  which  I  have  purposely 
abridged  the  imperfect  sketch  I  have  attempted  of  the  recent 
progress  of  science. 

The  great  flood  of  new  truth  which  scientific  investigation 
has  in  our  own  day  let  in  upon  the  world,  the  multitude  of 
mysteries  of  which  bnt  lately  it  would  have  seemed  hopeless, 
perhaps  presumptuous,  to  attempt  the  solution,  but  which  have 
melted  away  nevertheless  in  the  powerful  focus  of  modem 
scnitmy,  have  given  birth  to  a  feeling,  not  yet  perhaps  univer- 
sal bat  quite  general,  that  there  is  no  truth  whatever  which  is 
not  e2q)licable  by  physical  law ;  or,  to  state  the  proposition  a 
little  differently,  that,  whatever  may  be  claimed  as  truth  with- 
out being  so  explicable,  is  but  idle  fancy,  the  mere  ^^  stuff  that 
dreams  are  made  of,"  unworthy  to  be  considered  by  the  genu- 
ine philosopher.    The  doctrine,  if  I  understand  it,  is  that  we 
know  nothing  but  phenomena,  that  as  to  the  relations  of  these 
we  know  only  that  they  occur  in  certain  invariable  sequences, 
the  idea  of  causation  being  a  mere  conceit,  or  at  least  a  thing 
with  which  we  have  nothing  to  do ;   and  that  whatever  tran- 
scends observation,  or  is  beyond  the  reach  of  demonstration, 
must  be  set  down  as  matter  of  useless  speculation,  as  utterly 
and  absolutely  unknowable.      Under  the   operation   of  this 
principle,  metaphysics  in  the  highest  sense  of  the  word,  that  is 
to  say  abstract  philosophy,  and  ontology,  or  the  theory  of  being, 
must  be  swept  out  of  existence.    So  at  first  thought,  it  would 
seem,  must  be  psychology ;  but  this  appears  not  to  be  so,  and 
it  is  precisely  here  that  I  find  the  point  to  which  I  propose  to 
direct  my  animadversion.    The  spirit  of  the  so  called  positive 
phik)6ophy  very  strikingly  characterizes  much  of  modem  physi- 
cal mquiry,  even  when  conducted  by  men  who  repel  the  impu- 
tation of  belonging  to  the  school  of  Comte.     It  is  in  harmony 
with  this  spirit  to  exact  that  all  phenomena,  whether  mental  or 
material,  shall  be  regarded  as  belonging  to  one  common  class, 
and  shall  be  treated  in  precisely  the  same  way.     It  thus  builds 
op  a  new  mental  philosophy  of  its  own ;  or  reduces  rather 
mental  philosophy  to  be  a  branch  of  physics.    I  believe  that 
this  exaction  is  too  comprehensive.     I  believe  that  physical  in- 
quiry has  a  field  for  its  legitimate  application  which  is  limited 
hy  certain  natural  and  definite  bonndaries.    I  believe  that  the 
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positive  spirit  itself  properly  applied  within  this  field,  leads  ns 
directly  up  to  the  conclusion  that  there  is  something  certainly 
existent  which  it  cannot  reach,  and  which  if  not  absolutely 
kngwable  is  yet  knowable  in  its  most  important  relations ; 
which  is  only  to  say  that  it  is  knowable  in  precisely  the  same 
sense  in  which  we  can  be  said  to  know  anything  whatever. 
That  I  may  make  myself  more  clearly  understood,  I  must  enter 
into  some  detail  of  illustration. 

A  very  .distinguishing  peculiarity  in  the  physics  of  recent 
years  is  the  prominence  which  has  been  given  to  the  doctrine 
of  the  conservation  of  force.  A  doctrine  bearing  this  name 
has  indeed  long  been  recognized  in  mechanics,  but  it  was 
earlier  restricted  to  mechanical  force  alone ;  and  as  to  force  in 
that  form  even,  was  held  to  be  true  only  under  certain  condi- 
tions, or  with  certain  limitations.  If  the  motion  of  a  system 
of  bodies  is  modified  by  their  mutual  action  on  each  other, 
whether  they  draw  each  other  by  means  of  inextensible  cords, 
or  impel  each  other  by  means  of  rigid  rods — the  connections 
in  either  case  being  without  inertia  or  weight — or  whether  they 
attract  or  repel  each  other  by  forces  varying  according  to  any 
law,  or  whether  finally  they  act  by  direct  collision,  provided 
only  they  possess  the  property  of  perfect  elasticity ;  in  any  of 
these  cases  the  sum  total  of  the  living  forces  of  all  the  bodies 
of  the  system  will  remain  absolutely  the  same.  This  law  was 
announced  by  Huyghens  more  than  two  hundred  years  ago. 
At  that  time  force  was  understood  in  no  other  sense  than  as 
the  power  to  move  visible  masses,  or  as  the  energy  embodied 
in  such  masses  when  in  motion.  The  truth  was  therefore 
rather  abstract  than  practical.  It  admitted  of  no  visible  ex- 
emplification in  terrestrial  physics.  No  known  solid  possessed 
the  property  of  perfect  elasticity;  and  no  experiments  on 
motion  could  be  instituted  except  in  a  medium  by  which  motion 
is  continually  impeded.  The  mechanism  of  the  heavens  fbr- 
nished  the  only  perfect  illu8trp,tion  in  nature  of  this  very  im- 
portant proposition.  Notwithstanding  the  perpetually  varying 
velocities  of  the  great  bodies  composing  the  solar  system,  the 
consequence  of  their  mutual  actions  on  each  other,  and  not- 
withstanding the  incessant  increase  and  diminution  of  living 
force  to  which  each  separate  body  is  alternately  subject,  the 
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sum  total  of  the  living  forces  of  the  whole,  remains  from  age 
to  age  mialtered.  But  in  all  dynamical  phenomena  which 
occur  at  the  earth's  surface,  the  tmth  of  the  law  is  masked  by 
the  miavoidable  attendant  conditions.  Not  even  is  the  propo- 
sition of  the  conservation  of  force  as  understood  in  the  time  of 
Hayghens,  illustrated  in  the  motion  of  a  single  body ;  still  less 
could  its  verification  be  looked  for  in  the  action  of  many 
bodies  upon  each  other.  A  single  body  projected  through  the 
air,  or  rolled  along  a  plane,  soon  parts  with  its  motion.  If  in 
order  to  reduce  the  number  of  resistances,  and  simplify  the  ex- 
periment to  the  last  degree,  rotary  motion  be  substituted  for 
linear,  and  the  experiment  be  conducted  in  a  vacuum,  the  re- 
sult only  differs  from  the  former  by  spreading  out  the  waste 
over  a  larger  period  of  time;  the  body  still  parts  with  its 
motion  though  more  slowly  than  before.  In  the  case  of  a  body 
moving  in  a  resisting  medium — as  a  cannon  ball  for  instance 
through  the  atmosphere,  there  may  have  been  some  early  phi- 
losophers who  imagined  that  the  lost  force  still  survived  in  the 
motion  imparted  to  the  invisible  substance  of  the  air ;  but  in 
the  experiment  in  which  the  sole  sensible  resistance  is  the  fiic- 
tion  of  an  axle  upon  its  bearing,  there  is  no  doubt  that  all  the 
world,  men  of  science  as  well  as  those  who  claimed  no  such 
character,  agreed  in  supposing  that  force  was  actually  lost. 
The  doctrine  of  the  conservation  of  force,  therefore,  although 
the  name  originated  two  centuries  ago,  was  not  to  the  mechani- 
cal philosopher  of  that  day  what  it  is  to  us.  It  was  a  doctrine 
of  conservation  under  favoring  circumstances,  and  not  of  nec- 
essary persistence  under  all  conceivable  circumstances.  Indeed 
while  the  notion  of  force  was  restricted  to  the  mechanical 
energy  exemplified  in  moving  masses,  it  was  impossible  that 
the  doctrine  should  be  understood  in  any  such  absolute  sense. 
For  this  species  of  energy,  molar  energy  as  it  has  of  late  be- 
come usual  to  call  it,  does  disappear,  asVn  the  case  of  the 
taming  wheel  and  the  rolling  ball,  or  as  in  tVe  collision  of  bod- 
ies destitute  of  elasticity ;  so  that  if  molar  energy  is  the  only 
form  of  force  admitted,  the  doctrine  of  the  conservation  of 
force  is  not  universally  true.  This  doctrine  therefore,  in  the 
comprehensive  sense  in  which  we  understand  it,  is  a  doctrine  of 
our  own  time,  though  it  has  borrowed  its  name  from  another 
▲.  A.  ▲.  a.  VOL.  zvn.         11 
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age.  The  tenn  force  has  for  us  a  much  wider  significancy  than 
it  had  for  the  mechanical  philosophers  of  the  period  of  Huy- 
ghens  and  of  Newton.  It  comprehends  all  those  influences 
which  were  known  to  early  physics  by  the  name  of  the  impon- 
derables :  powers  concerning  the  nature  of  which  there  have 
been  so  many  and  so  discordant  hypotheses,  which  have  been 
conceived  of  as  fluids  permeating  the  pores  of  the  most  solid 
bodies  yet  without  increasing  their  weight ;  or  as  showers  of 
minute  projectiles  pervading  all  space,  yet  without  possessing 
momentum.  Heat,  electricity,  light,  are  all  regarded  now  as 
forces  into  which  molar  energy  when  it  disappears  is  completely 
transformed ;  and  to  these  we  may  add  gravitation  and  chemi- 
cal affinity.  Magnetism,  which  in  the  books  of  the  early  writers 
occupied  so  prominent  and  so  important  a  place,  has  ceased  to 
take  rank  as  an  independent  force,  but  is  merged  in  electricity 
of  which  it  is  one  of  the  manifestations.  The  facts  that  molar 
force  may  generate  heat,  and  that  heat  in  its  turn  generates 
molar  force,  are  facts  that  have  been  long  enough  familiar :  the 
notion  even  that  heat  is  transformed  force  is  by  no  means  new. 
It  may  be  said  indeed  that  the  experiments  of  Rumford,  at  the 
close  of  the  last  century,  were  sufficiently  conclusive  to  estab- 
lish this  last  doctrine.  But  even  to  admit  this,  was  not  yet  to 
recognize  the  great  truth  of  the  conservation  of  force  in  all  its 
fyilness;  since  though  it  were  regarded  as  true  that  force 
is  converted  into  heat,  it  did  not  follow  that  all  the  force  ex- 
pended underwent  this  transformation.  The  water  of  a  stream 
drives  a  mill,  because  the  living  force  of  the  water  in  the  race 
is  transferred  to  the  wheel ;  but  a  large  part  of  this  living  force 
escapes  without  efiect  nevertheless.  A  certain  mechanical 
force  expended  in  friction  produces  heat.  Does  it  any  more 
follow  in  the  one  case  than  in  the  other,  that  the  heat  is  the 
representative  of  all  the  force  exerted?  This  could  not  be  as- 
serted until  after  very  careful  experimental  investigation.  In- 
deed we  know  that,  in  this  particular  form  of  the  expenditure 
of  force,  it  is  not  always  true ;  though  if  the  heat  produced 
does  not  frilly  represent  the  force  exerted,  some  other  form  of 
equivalent  will  appear — as  for  instance  electricity. 

The  doctrine  of  the  conser\'ation  of  force,  understood  in  the 
sense  of  declaring  that  no  force  is  ever  lost  and  no  force  ever 
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created,  is  one  of  which  the  truth  could  only  be  demonstrated 
alter  experimental  science  had  reached  a  very  high  degree  of 
refinement.    And  it  could  receive  no  experimental  demonstra- 
tion mitil  there  had  been  established  some  unit  of  reference  to 
senre  as  a  common  measure  of  the  quantities  compared.     If  a 
given  molar  force  disappears  with  the  effect  of  raising  the  tem- 
perature of  the  body  on  which  it  has  expended  itself,  and  if  the 
original  vis  viva  and  the  resultant  heat  are  equivalent  in  quan- 
tity, the  same  amount  of  force  must  be  competent  to  produce 
always  under  the  same  circumstances,  and  in  similar  and  equal 
masses,  the  same  elevation  of  temperature,  and  dijQTerent  forces 
most  produce  effects  of  the  same  character  in  proportion  to 
their  amount.    A  satisfactory  imit  of  comparison  may  there- 
fore be  found  in  the  quantity  of  heat  which  is  sufficient  to 
raise  a  unit  of  quantity  of  standard  matter,  as  for  instance 
of  water,  one  degree  of  the  thermometer.    With  such  a  definite 
standard  of  comparison,  it  is  possible  to  test  the  truth  of  the 
hypothesis  that  heat  and  force  are  convertible,  and  it  is  in  this 
way  that  this  important  proposition  has  been  experimentally 
established.    The  same  exact  equivalency  has  been  in  like 
mamier  shown  to  exist  between  electricity  and  heat,  between 
chemical  action  and  electricity,  and  between  each  of  these  and 
molar  energy.    And  as  light  and  heat  seem  to  be  but  different 
manifestations  of  the  same  force,  or  different  modes  in  which 
the  same  force  is  related  to  our  perceptions,  the  law  of  conser- 
vation of  force  may  be  presumed  to  extend  equally  to  both,  and 
may  therefore  be  regarded  as  the  great  law  underlying  and 
controlling  aU  physical  phenomena. 

It  has  been  affirmed,  as  I  am  aware,  by  a  very  distinguished 
metaphysician,  Mr.  Herbert  Spencer,  that  this  important  truth 
is  one  which  needs  no  demonstration.  It  is,  as  he  asserts,  a 
troUi,  which  has  its  origin  in  direct  intuition,  and  which  lies  at 
the  foundation  of  all  the  knowledge  we  possess  of  the  material 
world.  According  to  him,  indeed,  we  have  no  knowledge  what- 
ever whkh  is  not  traceable  back  at  last  to  force ;  and  as  to 
force  he  tells  us  that  what  we  know  of  it  is  only,  first,  that  it 
if,  and  secondly  that  it  persists.  In  regard  to  the  persistence 
of  force,  he  finds  the  evidence  of  this  inftiition  in  the  universal 
recognition  of  the  postulate  that  action  and  reaction  are  equal. 
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This  allegation,  he  holds,  is  but  another  form  of  sajing  that 
there  cannot  be  an  isolated  force  beginning  and  ending  in  noth- 
ing ;  but  that  any  force  manifested  implies  an  antecedent  force 
from  which  it  is  derived  and  against  which  it  is  a  reaction. 
Clearly  then  he  says,  the  persistence  of  force  is  an  ultimate 
truth  of  which  no  inductive  proof  is  possible.  This  exposition 
of  the  postulate  is  not  perhaps  entirely  convincing.  K  reaction 
can  be  only  understood  as  a  taking  up  in  living  form  by  one 
body  of  a  force  which  another  body  abandons,  then  Mr.  Spen- 
cer's interpretation  of  it  is  true.  But  if  it  can  also  be  understood 
as  a  destruction  of  any  part  of  the  original  force,  the  consequence 
he  deduces  from  it  does  not  follow.  To  impute  to  it  the  former 
sense  exclusively,  is  to  reduce  the  postulate  to  an  identical 
proposition,  which  in  its  proper  form  of  expression  would  be 
this :  Force  which  persists,  persists.  The  truth  is  that  this 
proposition,  anc^  all  the  laws  of  motion  laid  down  by  Newton, 
as  well  as  the  doctrine  of  the  conservation  of  living  force  enunci- 
ated by  Huyghens,  were  understood  when  announced,  and  long 
after,-  to  be  true  only  of  forces  acting  in  circumstances  which 
are  never  realized  at  the  earth's  surface,  and  as  theoretic  and 
not  as  practical  laws.  They  were  admitted  as  deductions  from 
observation,  and  not  as  self-evidently  necessary.  As  we  now 
understand  the  subject,  Newton's  third  law  is  literally  true  un- 
der all  circumstances,  and  it  does  in  fact  draw  after  it  the  ne- 
cessity of  the  persistence  of  force ;  but  this  is  a  very  different 
thing  from  supposing  such  a  necessity  to  be  a  truth  of  intui- 
tion. The  question  of  the  origin  of  this  notion  is  however 
of  no  practical  importance :  for  the  admission  of  the  truth  of 
the  conservation  of  force  as  a  theory  does  not  render  it  any  the 
less  necessary  that  experiment  should  come  in  to  inform  us  what 
are  the  quantitative  equivalents  of  force  under  its  various  forms ; 
and  without  a  knowledge  of  these  equivalents  the  doctrine 
can  admit  of  no  useful  application  as  an  aid  to  investigation. 

I  should  not  be  justified  in  detaining  you  so  long  over  a 
truth  which  in  the  physics  of  our  day  has  become  elementary, 
were  it  not  that  the  bold  extension  which  has  recently  been 
made  of  this  law  to  the  phenomena  of  conscious  life,  seems  to 
me  to  transcend  the  limits  which  must  ever  arrest  the  progress 
of  successftil  physical  inquiry. 
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Besides  the  forces  whieli  we  have  been  considering,  and 
which  are  the  only  forces  whose  existence  is  made  known  to  us 
in  the  phenomena  of  the  inorganic  world,  there  is  another, 
whose  effects  are  only  seen  in  bodies  endowed  with  life.     Per- 
haps it  should  rather  be  said  that  there  is  a  class  of  such  forces 
(I  call  them  forces  for  want  of  a  better  term)  for  the  manifes- 
tations assume  several  very  distinct  characters ;  yet  though  the 
results  are  exceedingly  conspicuous,  the  mode  of  operation  is 
GO  obscure  as  hitherto  to  have  baffled  investigation.     Under 
the  influence  of  these  forces  compounds  are  built  up  which 
chemical  art  has  in  vain  attempted,  to  imitate,  and  which  are  of 
80  noticeable  instability  that  they  break  up   spontaneously 
directly  after  the  sustaining  power  is  withdrawn.     The  bodies 
fonned  of  these  materials  commence  usually  in  germs  of  exceed- 
ing minuteness,  pass  through  a  regular  cycle  of  growth  and  de- 
cay, and  are  at  last  abandoned  by  the  mysterious  principle  which 
has  given  them  their  form  and  their  structure,  and  left  to  per- 
i^  Among  these  bodies  which  make  up  the  empire  of  organic 
life,  two  broadly  distinguished  kingdoms  present  themselves,  the 
vegetable  and  the  animal.    Both  of  these  are  equally  animated 
by  the  force  which  determines  organization ;  but  the  former 
except  in  this  particular  do  not  differ  from  the  brute  matter  out 
of  which  they  spring ;  while  the  latter  possess  the  power  of 
self  movement,  and  a  will  which  directs  this  power.    They  are 
moreover  influenced  in  their  movements  by  impressions  made 
upon  them  from  without ;  impressions  which  we  call  sensations 
and  refer  to  a  property  which  we  denominate  sensibility.     If 
we  consider  the  animal  kingdom  more  in  detail,  we  shall  see 
that  it  embraces  classes  widely  differing  from  each  other  in 
point  of  dignity.    Voluntary  motion  and  sensibility  in  its  low- 
est form  of  manifestation — the  sense  of  touch — seem  all  that 
distinguish  the  humblest  of  these  classes  from  vegetables.    As 
we  ascend  in  the  scale,  other  senses  appear,  and  a  distinct  in- 
telligence with  the  evident  exercise  of  judgment  and  memory 
displays  itself;   while  the  manifestations  of  emotion,  as  of 
pleasure,  apprehension,  anger,  etc.,  are  very  obvious.    These 
mental  and  emotional  qualities  increase  in  the  energy  of  their 
development  through  many  successive  grades,  untU  at  length, 
leaping  a  great  gulf  of  division  which  separates  the  highest 
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order  of  animal  life  from  all  other  forms,  they  blaze  out  in 
man  in  the  fall  effulgence  of  a  perfected  reason.    Nor  is  it 
only  the  mental  superiority  of  the  human  race  which  gives  it 
its  supremacy  in  the  animal  world.    To  deduce  consequences 
from  premises,  to  follow  out  a  chain  of  causes  to  its  probable 
results,  is  a  high  endowment,  but  it  is  one  which  is  partaken 
though  doubtless  in  a  degree  infinitely  inferior,  by  many  ani- 
mals.   But  to  distinguish  between  right  and  wrong — to  con* 
ceiye  even  the  notion  that  there  is  a  right  and  a  wrong,  ai^ues 
the  possession  of  an  entirely  new  faculty.    It  matters  not  upon 
what  basis  ethical  writers  may  choose  to  build  up  their  systems, 
denying  often  the  existence  of  such  a  thing  as  an  innate  moral 
sense.    It  matters  not  by  what  means  they  may  explain  the 
genesis  of  the  ideas  of  right  and  wrong  as  originating  in  con- 
ceptions purely  intellectual — the  fact  remains  that  man  has  a 
sense  of  right  and  wrong  which  is  sustained  by  a  faculty  in 
him  which  he  calls  conscience, — a  faculty  which  he  knows  to 
be  a  very  different  thing  from  simple  understanding :  and  no 
evidence  has  ever  yet  appeared  that  such  a  sense  or  such  a  fac- 
ulty exists  even  in  the  most  embryonic  condition  in  any  other 
living  animal. 

We  have  then  here  several  different  forms  of  force  associated 
with  life :  the  organizing  force ;  the  force  represented  by  sen- 
sibility ;  the  force  of  will ;  the  force  of  intelligence ;  the  emo- 
tional force,  and  the  force  which  manifests  itself  through  the 
moral  sense.  If  to  all  these  principles  I  apply  indiscriminately 
the  word  force,  it  is  partly  because  of  the  poverty  of  language 
which  fhmishes  no  other  generic  term  under  which  to  embrace 
them  all ;  partly  because  one  of  them  at  least,  the  organizing 
force,  has  long  been  distinguished  by  that  name,  though  its 
existence  as  a  physical  force  has  been  generally  denied ;  and 
partly  because  when  it  is  claimed,  as  it  is  of  late  claimed,  that 
sensation,  thought,  conscience,  emotion  and  will,  are  only  mani- 
festations of  known  physical  forces  acting  upon  the  living 
organism,  and  are  in  fact  those  same  known  forces  presented 
under  new  forms,  these  functions  of  sentient  and  intelligent 
life  are  by  the  terms  of  the  proposition  itself  reduced  to  the 
class  of  physical  forces  and  are  properly  called  by  the  same 
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The  qaestion  is,  are  we  compelled  to  concede  this  claim.    In 

accepting  the  doctrine  of  the  conservation  of  force  have  we  no 

choice  but  to  admit  that  the  barrier  so  long  supposed  to  exist 

between  the  spiritual  and  the  material  world  is  a  sheer  creation 

of  the  imagination,  and  that  the  mind  is  as  literally  a  machine 

operated  by  strictly  physical  forces  as  a  wind-mill  or  a  steam 

engine?    Such  an  admission  is  by  no  meaus  flattering  to  man's 

self-esteenL    It  is  nothing  less  than  revolting  to  his  religious 

instincts.    What  are  the  arguments  on  which  we  are  expected 

to  accept  it? 

In  regard  to  the  processes  of  organic  growth  and  develop- 
ment,  of  the  assimilation  of  food,  the  absorptions,  secretions 
and  other  physiological  flmctions  continually  in  activity  in  the 
living  animal  or  vegetable,  it  may  be  admitted  without  hesita- 
tion that  the  efficient  force  producing  the  corresponding  changes 
is  derived  from  without,  and*  that  the  changes  themselves  are 
the  strict  equivalents  of  the  force  thus  expended.    Take  the 
case  of  the  growing  plant.    Its  food  is  mainly  carbon,  derived 
from  the  carbonic  acid  of  the  water  which  it  draws  up  from  the 
earth,  or  finds  in  the  air  around  it.     The  force  by  which  this 
very  stable  compound  is  decomposed,  so  as  to  leave  the  carbon 
free  to  combine  with  the  plant,  is  fhmished  by  the  sun's  rays. 
Of  the  equivalency  of  the  two  forces  there  can  be  no  doubt ; 
nor  have  we  any  need  in  the  case  to  call  in  j^j  special  force 
onder  the  name  vital,  to  perform  any  part  of  the  work  of  the 
change.     And  yet  we  certainly  have  need  of  something  more 
than  the  mere  juxtaposition  of  the  materials  in  presence  of  the 
solar  influence  to  produce  the  effect.     If  the  principle  of  life  is 
not  in  the  plant,  the  operation  will  not  proceed.    The  carbonic 
acid  may  be  there,  the  vegetable  tissue  may  be  there,  and  yet 
the  solar  rays  may  play  upon  them  forever  without  producing 
the  slightest  effect.     The  vital  principle  then  is  the  something 
which  causes  the  plant  to  grow.    I  will  not  call  it  a  force — I 
think  the  term  vital  force  a  misnomer — because  there  is  no 
work  done  for  which  we  have  not  other  forces  in  fall  equivalent 
— but  I  say  that  whatever  it  is,  its  presence  is  a  necessity  to 
the  performance  of  the  work,  and  in  its  absence  the  work  is 
not  performed.    More  than  that,  I  say  that  not  only  will  not 
the  forces  which  produce  growth  during  the  life  of  the  plant, 
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be  sufficient  to  do  so  after  life  has  ceased ;  but  no  combination 
of  forces  or  influences  or  materials  which  human  skill  can  con- 
trive can  now  or  will  ever  produce  one  leaf  of  the  simplest 
plant  or  one  blade  of  the  humblest  grass  of  which  nature  under 
the  influence  of  the  principle  of  life  is  producing  millions  on 
millions  every  succeeding  summer. 

More  than  this,  there  is  a  peculiarity  of  the  compounds 
which  are  formed  during  the  growth  of  organized  beings,  ani- 
mals as  well  as  plants,  which  marks  a  wide  departure  from  the 
mode  in  which  the  forces  of  nature  act  when  lefb  entirely  to 
themselves.  The  tendency  of  these  forces  is  to  equilibrium. 
Upon  an  irregular  plane  a  heavy  body,  unobstructed  in  its 
motion  will  seek  the  lowest  level.  A  balance,  when  disturbed, 
may  oscillate  for  a  time,  but  it  comes  at  length  to  rest. 
Waters  make  their  way  to  the  ocean.  Unequally  heated  bod- 
ies placed  near  each  other  share  at  length  between  them  the 
common  stock  of  heat.  Electricity  accumulated  in  excess  upon 
one  body  will  escape  to  others  less  highly  charged.  So  too  of 
chemical  forces.  They  tend  ever  to  produce  the  most  stable 
compounds.  A  stronger  combination  never  spontaneously 
breaks  up  to  give  place  to  a  weaker.  Suppose  that  all  the 
materials  of  which  the  earth  is  composed  should  be  thrown  to- 
gether in  elementary  form,  it  is  possible  that  by  the  first  action 
of  aflBbMties  manj  feeble  combinations  would  be  produced ;  but 
it  is  certain  that  these  must  one  after  another  give  way  to 
stronger  ones  until  the  whole  should  be  combined  in  forms 
possessing  the  absolute  maximum  of  stability,  unless  the  pro- 
cess should  be  arrested  by  a  solidification  of  the  mass  prevent- 
ing farther  motion.  Now  in  the  compounds  produced  during 
the  growth  of  plants  and  animals,  there  is  a  complete  inversion 
of  this  process :  that  is,  there  is  an  ascension  from  the  lower 
to  the  higher  level — a  substitution  of  the  weaker  for  the 
stronger,  of  the  unstable  for  the  stable.  And  animal  com- 
pounds, that  is  those  formed  where  the  type  of  life  is  highest, 
are,  as  a  rule,  greatly  more  unstable  than  vegetable.  The  pres- 
ence of  the  principle  of  life  in  organized  bodies,  therefore, 
determines  the  physical  forces  which  in  such  bodies  do  the 
work  of  change,  to  operate  in  a  manner  in  which  they  do  not 
operate  where  it  is  absent.    Light  and  chemical  afi^ty,  for 
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instjoiee,  are  interchanged  in  the  plant.  Light  disappears,  and 
in  disappearing  restores  to  activity  the  force  of  affinity  which 
was  dormant  hecanse  satisfied,  hut  in  order  to  do  this  it  needs 
a  determining  influence  which  it  finds  in  the  simultaneous  pres- 
ence of  the  vital  principle,  and  never  without.  Nor  need  it  he 
said  that  in  exercising  such  a  determining  power,  life  becomes 
a  form  of  physical  force.  The  light  consumed  and  the  chemi- 
cal force  revived  are  complete  equivalents.  Each  represents 
the  other.  Neither  has  derived  any  increase  nor  suffered  any 
dhninution  from  araociation  with  the  vital  principle.  What  this 
principle  has  done  is  to  determine,  in  regard  to  two  forms  of 
the  same  force  possible  in  the  same  organism,  which  shall  be 
the  form  manifested  and  which  the  form  suppressed. 

Bat  if  we  are  not  to  regard  this  influence  of  the  vital  princi- 
ple as  of  the  nature  of  a  force,  it  will  perhaps  be  demanded 
how  it  shall  be  explained?    That,  I  reply,  is  a  question  which 
admits  of  no  answer.     It  is  a  question  which  cannot  be  an- 
swered now,  and  a  question  which  will  not  be  answered  ever. 
It  is  an  inquiry  which  leads  us  beyond  the  limit  of  legitimate 
philosophical  research.    The  vital  principle  differs  from  every 
form  of  force  known  to  us,  and  from  every  other  known  prop- 
erty or  quality,  in  that  it  confef s  upon  the  body  which  it  ani- 
mates a  special  character  of  individuality,  and  in  that  it  is 
incapable  of  being  insulated  or  of  being  transferred  from  body 
to  body.     We  know  it  only  through  the  peculiar  organizing 
power  which  belongs  to  it,  and  which  is  manifested  not  merely 
in  the  chemical  changes  which  it  determines,  but  in  the  ex- 
ternal forms  which  the  resulting  compounds  assume. 

The  phenomena  of  vegetative  life  present  us  then  with  an 
inscrutable  mystery,  but  they  suggest  no  necessary  conflict 
with  the  great  doctrine  of  the  conservation  of  force.  But  when 
we  advance  to  the  higher  manifestations  of  life  we  are  told 
that  such  a  conflict  does  threaten  us,  unless  we  yield  up  all 
that  we  have  been  taught  to  believe  of  the  possibility  of  spirit- 
ual existence,  and  relinquish,  as  untenable,  convictions  which 
have  been  partaken  by  the  whole  race  of  mankind.  Organic 
changes  are  physical  efl'ects,  and  may  be  received  without  hesi- 
tation as  the  representative  equivalefits  of  physical  forces  ex- 
pendad.    Bat  sensation,  will,  emotion,  passion,  thought,  are  in 

12 
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no  conceivable  sense  physical.  That  they  may  be  excited  by 
the  impressions  of  physical  forces  upon  the  animal  organism  is 
indeed  admitted ;  that  they  are  so  is  a  matter  of  conmion  expe- 
rience ;  but  that  they  are  these  forces  themselves  transformed 
into  consciousness,  and  that  in  ceasing  to  be  what  they  axe 
they  become  physical  forces  again,  is  a  supposition  so  totally 
repugnant  to  our  instinctive  convictions,  that  at  the  first  an- 
nouncement one  is  at  a  loss  to  conceive  how  it  would  ever  have 
been  for  a  moment  entertained.  This  however  is  a  philosophy 
which  at  the  present  day  is  boldly  taught  in  public  schools  of 
science,  and  which  numbers  among  its  disciples  many  very  able 
men.  One  of  its  most  distinguished  teachers  and  oracles,  Mr. 
Herbert  Spencer,  sums  it  up  briefly  and  tersely  in  these  words  : 
«  Varioas  classes  of  facts  thus  unite  to  prove  that  the  law  of  meta- 
morphosis which  holds  among  the  physical  forces  holds  equally  be- 
tween them  and  the  mental  forces.  Those  modes  of  the  miknowable 
which  we  call  motion,  heat,  light,  chemical  affinity,  etc.,  are  alike 
transformable  into  each  other  and  into  those  other  modes  of  the  un- 
knowable which  we  distinguish  as  sensation,  emotion,  thought :  these 
in  their  turn  being  directly  or  indirectly  retransformable  into  the 
original  shapes.  That  no  idea  or  feeling  arises  save  as  a  result  of 
some  physical  force  expended  in  producing  it,  is  fast  becoming  a  com- 
mon place  of  science ;  and  whoever  duly  weighs  the  evidence  wiU  see 
that  nothing  but  an  overwhelming  bias  in  favor  of  a  preconceived 
theory  can  explain  its  non-acceptance.  How  this  metamorphosis 
takes  place,  how  a  force  existing  as  motion,  heat  or  light,  can  become 
a  mode  of  consciousness — how  it  is  possible  for  serial  vibrations  to 
generate  the  sensation  we  call  sound,  or  for  the  forces  liberated  by 
chemical  changes  in  the  brain  to  give  rise  to  emotion,  these  are  mys- 
teries which  it  is  impossible  to  fathom.  But  they  are  not  profounder 
mysteries  than  the  transformation  of  the  physical  forces  into  each 
other.  They  are  not  more  completely  beyond  our  comprehension 
than  the  natures  of  mind  and  matter.  They  have  simply  the  same  in- 
solubility as  all  other  ultimate  questions.  We  can  learn  nothing  more 
than  that  here  is  one  of  the  uniformities  in  the  order  of  phenomena." 

Nothing  need  be  added  to  the  explicitness  of  this  statement. 
In  every  school  of  philosophy,  the  union  of  mind  with  mat- 
ter has  been  among  the  profoundest  of  mysteries.  There  have 
been  teachers  who  have  held  that  mind  itself  is  material,  but 
even  such  have  not  assumed  that  thought  is  matter  also. 
Thought  has  been  regarded  as  a  property,  an  endowment,  a 
quality  of  the  matter  of  which  mind  is  made.    The  modem 
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school  which  inccilcates  the  dogma  that  mind  is  force,  is  no  less 
.materialistic  than  that   of  Hohbes  or  Spinoza.      We  know 
nothing  whatever  of  force  but  as  a  concomitant  of  matter. 
Withoot  the  existence  of  matter  external  to  us,  we  should  know 
nothing  of  force.    Mr.  Spencer,  indeed,  regarding  the  question 
Stom  an  opposite  stand-point,  lays  it  down  among  his  fimda- 
mental  propositions,  that  without  the  existence  of  force  we 
should  know  nothing  of  matter ;  but  his  very  illustration  of 
this  proposition  shows  its  fallacy,  or  at  least  the  very  equivocal 
nature  of  the  .evidence  on  which  it  rests.    For  the  force  of 
which,  as  he  correctly  says,  we  first  become  conscious,  is  the 
force  of   resistance,  perceived  when   the    oi^ans   of  touch 
encounter  a  material  substance.    Yet  no  such  resistance  could 
he  felt  unless  the  organ  itself  were  material,  and  hence  it  is 
the  preexistence  of  matter  which  is  the  indispensable  condition 
of  the  discovery  of  force.    The  two  ideas  in  fact  originate 
together.    Resistance  discovers  to  us  the  existence  of  matter 
and  of  force  simultaneously;   and  hence  it  is  that  we  may 
reaffirm  that  we  know  nothing  of  force  and  can  conceive  nothing 
of  force  except  as  it  is  a  concomitant  of  matter.    The  force  of 
resistance  is  a  dead  force.    Living  force  is  a  property  of  mat- 
ter in  motion.    In  those  forms  of  the  unknowable,  so  called  by 
Mr.  Spencer,  which  we  name  heat  and  light,  modem  philosophy 
reoc^nizes  the  motion  of  matter,  no  less  than  in  the  energy  of 
a  projectile  thrown  from  a  cannon,  or  of  a  planet  revolving  in 
the  celestial  spaces.    When  heat  was  recognized  as  a  force  it 
was  declared  to  be  a  mode  of  motion,  and  this  descriptive  title 
was  by  common  consent  received  as  fit  and  proper.    Light, 
electricity,  chemical  action,  are  regarded  no  less  as  modes  of 
motion  also.     In  the  case  of  these  unknowables,  the  motion 
is  presomably  molecular,  and  in  contradistinction  to  this,  the 
force  of  moving  masses  is  called  molar ;  but  in  the  case  of  all 
known  forces,  however  unknowable  they  may  be  and  however 
unknowable  as  to  their  essential  nature  they  are  in  their  mode 
of  ^Iciency,  they  are  simply  matter  in  some  mode  of  motion. 
The  philosophy  therefore  which  makes  thought  a  form  of  force, 
makes  thought  a  mode  of  motion ;  converts  the  thinking  being 
into  a  mechanical  automaton,  whose  sensations,  emotions, 
intellections,  are  mere  vibrations  produced  in  its  material  sub- 
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stance  by  the  play  of  physical  forces,  and  whose  conscious 
existence  must  forever  cease  when  the  exhausted  organism 
shall  at  length  fail  to  respond  to  these  external  impulses.  If 
the  law  of  conservation  of  force  is  therefore  to  be  extended 
to  mental  phenomena,  the  immortality  of  the  soul  can  be 
no  longer  maintained.  On  this  hypothesis  indeed  man  hss 
no  soul.  Life  is  but  a  momentary  phenomenon,  a  casual 
condition  of  matter,  to  be  classed  with  combustion,  incande- 
scence, sound,  odor,  anything  most  accidental  and  evanescent. 
More  than  this,  the  living  being,  while  his  brief  conscious- 
ness endures,  is  the  mere  sport  of  forces  foreign, to  himself. 
His  conscious  freedom  of  will  is  nothing  but  an  illusion.  His  * 
thoughts,  his  feelings,  his  acts,  are  all  links  in  a  chain  of  in- 
evitable events,  determined  by  unalterable  physical  laws.  He 
ceases  to  be  a  moral  agent  or  an  accountable  being.  Let  it  be 
observed  moreover  that  the  doctrine  of  necessity  here  forced 
upon  us,  differs  fh>m  that  which  has  been  inculcated  by  neces- 
sitarian philosophers  heretofore.  The  necessity  which  fetters 
the  will  by  making  it  the  slave  of  motive,  is  one  in  which  the 
coercion  is  moral  and  not  physical ;  and  which  leaves  us  room 
at  least  to  respect  poor  human  nature  though  we  may  com- 
passionate. That  which  presents  will  and  motive  together  as 
two  modes  of  motion,  of  which  the  first  is  but  the  second 
under  a  new  form,  is  a  necessity  of  which  the  slave  has  lost 
even  respectability,  and  is  reduced  to  the  humble  level  of  a 
piece  of  mechanism. 

But  it  is  not  because  of  these  consequences  that  I  reject  a 
doctrine  so  derogatory  to  the  dignity  of  humanity.  The  busi- 
ness of  the  philosopher  is  to  follow  on  the  trace  of  truth  when- 
ever it  may  lead.  He  must  not  suffer  feeling,  or  preference,  or 
prepossession,  or  prejudice,  for  a  moment  to  bias  his  judgment. 
If  the  law  of  the  conservation  of  force,  rightly  interpreted, 
conducts  us  of  necessity  to  materialism,  we  nmst  accept  the 
conclusion,  however  humiliating  we  may  find  it  to  our  pride  or 
however  ruinous  to  our  hopes.  To  my  mind  no  such  necessilj 
exists. 

In  proof  of  this  position  it  is  of  course  no  argument,  and  I 
do  not  present  it  as  one,  to  allege  the  utter  incongruity  which 
every  mind  uninfluenced,  I  was  about  to  say  unperverted,  by 
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&TOTite  pMoaopbical  preconoeptioxis,  feels  to  exist  between 
mental  and  phyn^caL  phenomena.  Consciousness,  to  any  mind, 
is  a  mystery  sofficiently  profound ;  but  to  suggest  tliat  it  may 
be  only  a  mode  of  motion,  is  to  an  ordinary  mind  little  less 
than  a  self  evident  absurdity.  But,  as  just  remarked,  this  is 
no  argument. 

It  is  an  argument,  however,  to  say  that  thought  cannot  be  a 
ph3rsical  force,  because  thought  admits  of   no  measure.    I 
tfaiiik  it  will  be  conceded  without  controversy  that  there  is  no 
form  of  material  substance,  and  no  known  force  of  a  physical 
nature  (and  there  are  no  other  forces)  of  which  we  cannot  in 
some  form  definitely  express  the  quantity,  by  reference  to 
some  conventional  measuring  unit.    Even  while  heat  and  light 
and  electricity  continued  to  be  regarded  as  independent  and 
UHxmvertible  forces,  they  were  still  subjected  to  measurement, 
each  after  a  manner  peculiar  to  itself;  and  the  ratio  between 
the  amount  of  latent  heat  of  a  pound  of  water  and  that  of  a 
pound  of  steam  was  as  well  known  as  it  is  now.    The  minutest 
quantities  of  electricity  were  determined  by  the  most  delicate 
of  balances,  and  the  intensities  of  different  lights  were  numeri- 
cally expressed  by  means  of  experimental  and  instrumental 
comparisons.     Now  no  such  means  of  measuring  mental  action 
has  been  suggested.    No  such  means  can  be  conceived.    It  is 
not  a  sufficient  reply  to  this  difficulty  to  say  that  thought  is 
unlike  any  other  species  of  quantity  known  to  us,  and  there- 
fore no  such  species  of  quantity  can  fbmish  us  with  a  measure. 
We  do  not  ask  that  it  shall  be  measured  against  anything 
udike  itself.   Heat  was  not  originally  so  measured  nor  electric- 
ity nor  li^t.    A  unit  for  the  quantitative  comparison  of  each 
of  these  powers,  was  found  in  a  determinate  quantity  of  the 
thing  itself  which  was  to  be  measured.    And  before  thought 
can  be  claimed  to  be  a  form  of  physical  force,  it  must  become 
ponibk  so  to  define  a  given  quantity  of  thought,  that  all  man- 
kind,, or  if  not  all  mankind,  every  scientific  investigator  at 
least,  shall  be  perfectly  able  to   understand   exactly  what 
^pumtity  is  meant.     Can  this  be  done?    If  so  it  will  probably 
^  in  the  same  way  in  which  units  of  reference  have  been 
^sUblished  for  other  powers.    Such  units  have  been  fixed  by 
considering  intansity,  time  of  action,  quantity  of  matter  acted 
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npon,  velocity  generated,  or  work  done;  or  by  a  portion  of 
these  elements  variously  combined.  The  force  of  gravity  is 
measured  by  quantity  of  matter,  time  and  velocity.  Heat  is 
measured  by  quantity  of  matter  and  determinate  elevation  of 
temperature.  Light  by  intensity  at  a  determinate  distance. 
Now  no  one  would  think  of  measuring  thought  by  the  effect  it 
produces  on  matter  external  to  the  thinker,  which  is  nil.  Of 
all  the  possible  indications  of  greater  or  less  of  which  the  case 
admits,  there  are  but  two — intensity  and  time  of  action, — 
which  are  not  self-evidently,  at  the  very  first  suggestion,  un- 
available. Nor  would  these  two  alone  suffice  for  a  standard  of 
general  reference,  even  were  the  force  one  unquestionably  sus- 
ceptible of  measurement ;  since  quantity  depends  not  only  on 
intensity  and  time  but  also  on  the  magnitude  of  the  source. 
For  a  given  individual  this  consideration  might  be  disregarded ; 
and  the  quantity  of  the  thought-force  of  such  an  individual 
might  be  measured  by  the  intensity  conjoined  with  the  time, 
but  this  only  on  suppoisition  that  thought-intensity  is  suscepti- 
ble of  estimate.  On  the  impossibility  of  such  an  estimate  it  is 
hardly  necessary  to  dwell.  Now  I  maintain  that  a  thing  which 
is  imsusceptible  of  measure  cannot  be  a  quantity,  and  a  thing 
that  is  not  even  a  quantity  cannot  be  a  force.  I  know  it  may 
be  replied  that  though  the  unit  of  measurement  may  not  yet 
have  been  found,  it  may  nevertheless  be  so  hereafter.  I  answer 
no ;  the  objection  is  not  merely  that  such  a  unit  is  at  present 
impossible,  but  that  even  the  conception  of  such  a  unit  is  an 
impossibility.  Not  only  is  the  quantity  of  thought  in  a  human 
brain  presently  uimieasurable,  but  its  measurability  is  not  even 
conceivable.  And  yet  if  thought  is  physical  force,  the  time 
must  come  when  its  absolute  energy  at  any  given  moment,  and 
in  any  given  individual,  shall  be  expressible  not  only  in  units 
of  the  same  description  of  force,  or  thought-units,  but  equally 
in  equivalent  units  of  any  other  force ;  so  that  perhaps  we  may 
be  able  to  say  of  the  mental  labor  of  a  philosopher  in  his 
study,  that  in  half  an  hour  it  amounted  to  fifty  or  five  hundred 
thousand  foot-pounds. 

Perhaps  it  may  be  said  that  there  is  an  indirect  way  of 
arriving  at  the  unit  of  thought-force  which  I  have  overlooked ; 
that  this  force  is  doubtless  generated  by  the  oxidation  of  the 
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brain,  that  the  amount  of  this  oxidation  may  be  ascertaiiLed 
daring  a  determinate  period  of  continuous  mental  labor ;  that 
this  oxidation  is  a  cbieniical  action  capable  of  producing  a 
caicalable  amount  of  beat,  and  that  this  amount  of  heat  may 
be  properly  accepted  as  the  measure  of  the  thought-force. 
This  notion  inll  not  bear  examination.    Oxidation  is  going 
on  at  all  times  in  all  parts  of  the  body.    It  is  necessary  to  the 
maintenance  of  the  animal  heat.    It  is  necessary  to  fhmish 
mnsenlar  force.     It  is  necessary  to  the  large  involuntary  move- 
ments  such  as  those  of  the  heart  the  arteries  and  the  intestines, 
and  those  smaller  movements  which  accompany  the  various 
secretions.    It  is  necessary  especially  in  the  brain  to  supply 
the  nerve   force,  whatever   it  is — probably  electricity — by 
means  of  which  the  mind  transmits  its  mandates  to  the  mem- 
bers, and  through  which  it  receives  the  impressions  made  upon 
tiie  organs  of  sense.    To  distinguish  between  these  various 
sooices  of  consumption  would  be  a  problem  of  the  most  com- 
plicated character ;  and  the  difficulty  or  impossibility  of  secur- 
ing adequate  data  for  its  solution   by  the   observation   of 
ihnctional   changes  in  the  living  man  places  it  practically 
beyond  the  reach  of  investigation.    But  while  this  difficult 
problem  remains  unsolved,  to  assume  that  if  solved  it  would 
show  an  outstanding  balance  of  force  to  be  placed  to  the  credit 
of  mental  action  is  simply  a  petiHo  principii^  and  has  no  title 
to  respect  as  an  argument.    The  very  strong  probability  is 
that  no  such  balance  would  appear. 

It  is  asserted,  however,  that  some  mental  impressions  are  in 
t  manner  measurable ;  that  this  is  true  at  least  in  regard  to 
sensations.  The  feelings  of  pressure  produced  upon  us  by 
heavy  bodies  are  greater  or  less  in  intensity  according  as  the 
bodies  are  heavier  or  lighter  in  the  balance.  Bells,  vibrating 
strings,  wind  instruments,  yield  sounds  which  we  perceive  to 
vary  in  loudness  according  to  the  degree  of  force  expended  in 
producing  them.  Bodies  at  different  temperatures,  as  shown 
by  the  thermometer,  affect  us  more  or  less  forcibly  with  the 
sensation  of  heat.  To  all  which  it  may  be  replied  that  sensa- 
tion and  thought  are  two  things  essentially  distinct,  and  that 
we  are  speaking  here  of  thought  and  not  of  sensation ;  that 
iensation  is  an  affection  of  the  organ  of  sense  as  well  as  of  the 
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mind  and  is  not  exclusively  mental :  that  the  mental  part  of  it 
is  a  cognition  of  the  state  of  the  organ,  as  modified  by  a  physical 
force ;  and  that  the  cognition  embraces  of  course  not  only  the 
fact  but  in  a  general  way  the  degree  of  the  modification ;  and 
therefore  that  a  certain  quantitative  relation  between  sensation 
and  external  force  is  naturally  to  be  looked  for,  and  in  no  man- 
ner whatever  sustains  the  hypothesis  of  a  conversion  of  the 
force  into  the  sensation.  As  the  mind  estimates  quantitatively 
a  phenomenon  of  the  external  world  of  which  it  receives  infor- 
mation through  the  sense,  so  in  sensation  itself  it  estimates 
quantitatively  a  phenomenon  equally  external  to  its  own 
essence  though  occurring  within  the  material  organism  with 
which  it  is  connected.  It  may  furthermore  be  added  that  sen- 
sation is  not,  like  thought,  a  thing  of  which  the  idea  of  quanti- 
tative measurement  is  in  all  cases  inconceivable ;  for  though 
the  organ  of  sense  may  appreciate  differences  imperfectly,  it  s 
sometimes  not  very  difficult  to  contrive  modes  of  fixing  a  deter- 
minate unit  of  measure.  This  is  obviously  practicable  in  the 
case  of  sound ;  it  has  been  actually  done  in  the  case  of  light. 
Sensation  is  produced  by  external  disturbing  forces.  It  is  at- 
tended no  doubt  with  corresponding  internal  changes.  The 
case  is  analogous  to  that  of  the  organizing  process,  or  that  of 
the  building  up  of  the  structure  of  the  animal  or  plant.  The 
interchange  which  takes  place  between  the  external  and  the  in- 
ternal forces  takes  place  without  loss  or  gain  to  either ;  but  it 
takes  place  in  a  manner  which  is  determined  by  the  presence  of 
the  vital  principle ;  and  to  the  mystery  which  attends  the  sim- 
pler process  of  organization,  it  here  superadds  a  new  and  still 
more  perplexing  mystery,  the  phenomenon  of  consciousness. 

But  I  proceed  farther  to  say  that  purely  mental  impressions 
cannot  be  transformations  of  physical  forces,  because  the  char- 
acter and  the  intensity  of  the  impressions  are  not  determined 
by,  nor  in  any  manner  proportional  to,  the  nature  or  the 
amount  of  the  force  impressed.  The  most  powerful  mental 
impressions  are  those  which  succeed  to  impulses  affecting  the 
nerves  of  sight  or  hearing ;  and  these  are  sufficient  often  to 
call  into  activity  all  the  muscular  force  which  the  percipient  is 
capable  of  exerting.  Such  impulses,  considered  as  forces,  are 
too  feeble,  even  when  most  energetic,  to  admit  of  being  ex* 
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prcsaed  as  finite  cjoantities.   Yet  if  we  interpret  the  phenomena 
m  stiict  accoTdaace  with  the  hypothesis  under  consideration, 
we  mast  say  that  these  impulses  are  first  transformed  into 
inental  force,  and  that  afterward  this  mental  force,  by  a  new 
transformation,  takes  the  phase  of  muscular  and  finally  of  mo- 
lar energy.    Thus  understood  the  doctrine  is  manifestly  absurd, 
/  since  it  makes  a  small  force  equivalent  to  a  large  one.    To 

evade  Hie  difficulty,  its  advocates  introduce  here  a  new  and 
supplementary  hypothesis,  according  to  which,  while  the  men- 
tal impression  is  the  equivalent  only  of  the  external  physical 
force,  the  more  palpable  manifestations  which  follow  come 
from  the  chemical  action  excited  in  some  confessedly  incom- 
prehensible manner,  by  the  instrumentality  of  the  mental  im- 
pression. But  this  explanation  is  totally  unsatisfactory,  and 
is  hardly  less  than  fatal  to  the  hypothesis  it  is  intended  to  sub- 
serve. Whatever  claim  to  acceptance  the  new  theory  possesses 
most  be  founded  on  the  promise  it  holds  out  of  a  solution  of  a 
mystery  which  the  spiritual  theory  candidly  recognizes  as  above 
solution.  This  promise  it  fulfils  only  by  presenting  the  original 
mystery  under  a  novel  form.  How  to  explain  the  connection 
of  mind  with  matter  is  the  problem  ostensibly  proposed  ;  and  a 
solution  is  assumed  to  have  been  fhmished  when  mental  forces 
have  been  reduced  to  the  level  of  physical.  But  how  to  ex- 
plain the  influence  of  the  will  over  the  members,  or  the  power 
of  emotion  over  the  muscular  system,  this  is  the  true  difiSculty ; 
and  this  the  solution  offered  does  not  reach  in  the  least.  We  all 
admit  ih&t  the  sensible  displays  of  force  of  which  animals  are 
capable,  are  derived  from  the  chemical  action  which  takes  place 
in  their  organ&ms,  and  are  examples  of  the  transformation  of 
one  form  of  force  into  another  in  conformity  with  the  law  of 
conservation.  But  the  new  philosophy  does  not  pretend  that 
these  forces  are  the  equivalents  of  the  mental  forces  which  have 
8et  them  into  activity ;  or  that  they  have  either  wholly  or  partly 
passed  through  the  form  of  mental  force  previously  to  their 
appearance  in  the  mechanical  form.  How  then  does  the  men- 
tal force — that  is,  the  will  or  the  emotion — excite  them  to 
activity?  That  is  the  question  of  which  we  had  a  right  to  ex- 
pect a  solution  when  we  were  told  that  the  doctrine  of  the  con- 
■ervation  of  force  was  to  clear  up  for  us  all  the  difficulties  of 
A.  ▲.  ▲.  B.  voi^  xvn.         18 
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mental  science.  And  that  question  is  left  precisely  where  it 
was  before. 

An  analogy  I  know  has  been  intimated  between  this  case  and 
*  that  of  the  explosion  of  a  mine  by  the  application  of  a  match, 
or  the  discharge  of  a  gun  by  the  pulling  of  a  trigger — exam- 
ples in  which  a  very  slight  force  may  suffice  to  evoke  another 
of  tremendous  power.  This  argument  would  perhaps  be  enti- 
tled to  some  respect,  if  an  attempt  had  been  made  to  point  out 
any  conceivable  mode  in  which,  in  the  case  in  hand,  the  match 
is  applied  or  the  trigger  is  sprung.  In  the  absence  of  any  such 
attempt,  it  amounts  to  nothing  more  than  pure  hypothesis.  It 
is  simply  another  form  of  asserting  that  the  connection  of  the 
phenomena  is  physical  becaus^  it  mtist  be  physical.  It  is  once 
more  a  naked  petitio  principii.  We  have  here  a  repetition  of 
the  difficulty  which  presents  itself  in  the  case  of  v^etable 
growth.  In  the  presence  of  the  principle  of  life  there  occur 
sequences  of  phenomena  which  do  not  occur  in  its  absence. 
The  facts  are  undeniable,  but  a  rational  explanation  of  them  is 
as  far  off  as  ever. 

Another  consideration  here  presents  itself  which  is  of  pro- 
found significancy,  and  which  to  an  unbiassed  judgment  can 
hardly  fail  to  be  decisive.  Mental  impressions  excited  by 
impulses  affecting  the  nerves  of  sense,  take  their  character  and 
are  determined  in  their  intensity  not  in  the  least  by  the  force 
which  those  impulses  represent,  but  by  the  ideas  momentarily 
associated  with  them.  An  insulting  expression  addressed  in 
English  to  a  Frenchman  unacquainted  with  that  language  will 
be  heard  with  indifference,  while  an  Englishman  in  the  same 
circumstances  will  be  roused  to  indignation.  Any  man  may 
contemplate  a  dagger  in  the  hand  of  a  friend  as  coolly  as  he 
would  do  any  other  piece  of  cutlery ;  but  if  he  sees  the  same 
weapon  uplifted  over  him  by  an  assassin,  he  will  be  ffiled  with 
alarm,  and  will  instantly  put  forth  aU  the  strength  of  which  he 
is  possessed,  for  the  purpose,  if  not  of  resistance,  at  least  of 
escape.  In  these  examples  the  physical  forces  in  the  cases 
contrasted  are  as  nearly  equal  as  possible ;  but  the  mental  im- 
pressions which  they  produce  are  widely  different.  There  is 
no  explaining  these  discrepancies  consistently  with  the  hypo- 
thesis under  consideration.    There  is  in  either  case  but  a  given 
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amount  of  external  physical  force ;  there  can  be  only  the  same 
definite   equivalent  of   internal  mental  force.      In  the   first 
instance  the  collocation  and  sequence  of  impulses  on  the  ear  of 
the  Englifthnian  conveys  a  meaning  which  in  the  case  of  the 
Frenchman  is  wanting,  and  the  mental  impression  is  conse- 
quently more  i>owerftd.    Shall  we  say  that  this  meaning — this 
accident  accompanying  the  sounds — is  force  also?    If  so,  how 
is  it  projected  into  the  mind  of  the  hearer?    And  how  into  one 
mind  more  than  into  another,  when  the  physical  impulses  are 
in  both  cases  identical?    Shall  we  find  any  help  in  this  dif3- 
culty  from  the  doctrine  of  the  association  of  ideas?    What  is 
the  ajBsociation  of  ideas?    Is  it  anything  more  than  a  Jicibit  of 
consecutiTC  occurrence,  acquired  by  the  frequent  juxtaposition 
of  the  ideas  in  the  order  of  time  ?    And  can  unconscious  forces 
be  trained  to  form  habits  of  diversity  of  action  under  physical 
conditions  entirely  similar?    Of  course  there  is  no  escape  from 
this  difiiculty,  but  by  assuming,  as  the  advocates  of  this  theory 
do  assume,  that  unconscious  forces  become  forms  of  conscious- 
ness ;  bat  this  assumption  involves  the  inevitable  consequence 
that,  in  undergoing  this  transformation,  they  cease  to  be  distin- 
guished by  that  invariability  in  their  modes  of  action  which  is 
the  distinctive  characteristic  of  physical  force.    Consciousness 
indeed  is  the  rock  on  which  this  theory  splits.    Its  supporters 
make  no  efiTort  to  explain  this  marvellous  phenomenon.    They 
admit,  and  indeed  proclaim,  that  no  explanation  is  possible.  We 
make  the  same  admission,  but  we  claim  at  the  same  time  that 
it  is  clear  enough  what  it  is  not.    The  very  fact  that  we  can 
trace  an  unbroken  series  of  entirely  intelligible  effects  all  the 
way  up  to  the  very  point  at  which  this  surprising  phenomenon 
presents  itself,  and  then  suddenly  lose  the  thread  altogether,  is 
sufiScient  evidence  that  it  is  not  physical. 

But  I  will  not  pursue  the  argument.  No  possible  explanation 
of  mental  phenomena  can  be  founded  upon  a  hypothesis  which 
attempts  to  identify  them  with  physical  forces ;  but  on  the 
other  hand  the  attempt  leads  inevitably  up  to  the  conclusion 
that  there  is  something  existent  which  is  beyond  the  reach  of 
scientific  investigation — something  of  which,  nevertheless,  the 
existence  is  just  as  certain  as  its  nature  is  inconceivable. 
It  is  the  fashion,  I  know,  in  the  school  of  the  positivists,  to 
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treat  as  unreal  whatever  is  undemonstrable.  But  the  positivist 
believes  in  force,  although  he  cannot  tell  what  it  is.  And  the 
organic  world  fhmishes  just  as  conclusive  evidence  of  the 
existence  of  an  influence  superior  to  force,  as  the  physical  world 
exhibits  of  the  existence  of  force  itself.  If  indeed  in  accept- 
ing the  doctrine  of  the  identity  of  mind  and  force  we  could 
rid  ourselves  of  mystery,  we  might  find  in  such  a  fact  some 
plausible  argument  for  insisting  on  its  admission.  But  in  this 
respect  it  fails  to  advance  us  a  single  step.  When  it  is  ob- 
jected that  we  can  form  no  conception  of  mind,  we  reply  that 
it  is  just  as  much  out  of  our  power  to  conceive  of  matter.  If 
it  is  an  inexplicable  mystery  that  mind  should  act  upon  matter, 
the  action  of  matter  itself  upon  other  matter  is  a  mystery  just 
as  profound.  It  is  certain  that  no  two  atoms  touch  each  other. 
How  then  can  many  atoms  cohere  to  form  a  solid  mass  ?  Even 
the  great  intellect  of  a  Newton  confessed  itself  baffled  in  the 
endeavor  to  conceive  in  what  manner  the  sun  could  influence 
the  planets,  acting  through  a  vast  void  space  measured  by  mil- 
lions of  miles.  Yet  precisely  the  same  difficulty  returns  in  re- 
gard to  every  two  particles  which  concur  in  the  formation  of 
the  minutest  material  substance.  It  was  a  conception  of  Dr. 
Young  that  if  one  hundred  men  should  be  distributed  equally 
over  the  surface  of  England,  the  distances  between  them  might 
not  be  more  disproportioned  to  their  own  dimensions  than  the 
void  spaces  in  any  solid  to  the  atoms  composing  the  solid. 
Does  it  then  explain  in  any  manner  how  mind  acts  upon  mat- 
ter, to  say  that  mind  is  force — that  is,  that  it  is  matter  in 
motion? 

The  reply  may  be  supposed,  that  the  action  of  matter  upon 
matter  is  a  fact  of  observation ;  and  that  we  must  therefore 
accept  it  as  a  fact,  and  because  it  is  a  fact,  although  we  cannot 
comprehend  it.  But  the  action  of  mind  upon  matter  is  equally 
a  fact  of  observation,  and  not  only  that  but  a  fact  of  con- 
sciousness also.  Thus  we  gain  nothing  whatever  even  in  the 
way  of  simplifying  our  philosophy,  by  contradicting  our  intui- 
tions, resisting  our  instinctive  convictions,  and  abjuring  our 
faith. 

In  what  I  have  said  it  has  not  been  my  design  to  obtrude 
upon  the  Association  any  theological  dogma,  or  to  advocate 
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any  leUgions  creed.  With  such  subjects  this  Association  as  an 
AflsociatioQ  has  nothing  to  do.  I  have  not  indeed,  here  or  else- 
irhere,  been  in  any  manner  instmmental  in  introdacing  ques- 
tions of  religion  or  of  abstract  philosophy  into  discussions  of 
physical  science.  But  when  such  questions  are  introduced  by 
others,  and  when  it  is  demanded  of  us  to  pronounce  as  physi- 
cists that  spiritaal  existence  is  an  absurdity  and  religion  a 
dream,  it  seems  to  me  that  no  choice  is  left  us  but  to  proclaim 
our  dissent,  or  be  understood  by  our  silence  to  accept  the  doc- 
trine as  our  own.  When  such  is  the  alternative,  for  one  I  feel 
bound  to  speak,  and  to  declare  my  conviction  that  as  physicists 
we  have  nothing  to  do  with  mental  philosophy ;  and  that  in 
endeavoring  to  reduce  the  phenomena  of  mind  under  the  laws 
of  matter  we  wander  beyond  our  depth,  we  establish  nothing 
certain,  we  bring  ridicule  upon  the  name  of  positive  science, 
and  achieve  but  a  single  imdeniable  result,  that  of  unsettling 
in  the  minds  of  multitudes  convictions  which  form  the  basis  of 
their  chief  happiness.  If  my  views  are  correct,  there  is  cer- 
tainly a  field  which  it  is  not  the  province  of  physical  science  to 
explore ;  and'which,  if  we  are  wise,  we  shaD  careflilly  refrain 
from  invading.  Either  this  is  so,  or  man  himself  is  but  a  tran- 
sient unmeaning  phenomenon,  brought  into  existence  without 
a  purpose  and  without  a  destiny ;  and  neither  science  nor  any 
other  human  interest  is  worth  pursuing.  In  conclusion,  gentle- 
men, thftnlring  you  for  the  kind  attention  with  which  you  have 
listened  to  me,  permit  me  to  congratulate  you  on  the  cheering 
anspices  under  which  you  are  once  more  assembled.  You  are 
here  in  a  strength  which  recalls  the  happy  days  when  your 
Association  was  in  the  zenith  of  its  prosperity  and  its  usefhl- 
neas,  and  which  justifies  the  hope  that  a  fresh  career  of  still 
niore  fruitful  labors  and  of  higher  services  to  humanity  is  be- 
fore it  May  your  mutual  intercourse  be  productive  of  all  the 
gratification  which  you  have  anticipated,  and  may  the  inter- 
change of  views  in  which  you  are  about  to  engage  bring  with 
it  at  tiie  same  time  ei^oyment  and  profit. 
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A.  MATHEMATICS,  PHYSICS,  AND  CHEMISTEY. 

1.  On  the  Application  of  Eleotricitt  to  the  Mainten- 
AKCB  OP  the  Vibrations  op  the  Tuning-fork,  and  of 
THE  Tuning-fork  to  the  Excitement  of  Vibrations  in 
CoBDs  AND  Threads.  By  Joseph  Loyering  of  Cambridge, 
Mass. 

The  applicatioii  of  electricity  to  maintaming  the  yibrations 
of  the  toniiig-fork  is  not  entirely  new,  thongh  it  is  of  recant 
disooYery ;  and  the  use  of  tuning-forks  in  producing  sympar 
thetic  Yibrations  in  threads  or  cords  is  not  new,  though  it  is  of 
recent  discovery.  The  tuning-fork,  now  exhibited  to  the  mem- 
bers of  this  Association,  was  made  from  a  bar  of  iron  three- 
eighths  of  an  inch  in  thickness,  two  inches  in  width,  and  sixty 
indies  in  length.  Haying  great  mass  relatively  to  its  surface, 
it  is  able,  even  without  the  help  of  electricity,  to  preserve  its 
motion  for  several  minutes,  unchecked  by  the  resistance  of  the 
Atmosphere,  and  is,  therefore,  peculiarly  fitted  for  the  purpose 
of  oommnnicating  corresponding  vibrations  to  attached  threads 
or  oordfl.  Nevertheless,  these  vibrations  are  slowly  dying  out. 
The  length  of  the  magnet  is  horizontal,  the  plane  which  passes 
tfamngh  the  two  prongs  being  vertical.  A  magnet  of  the  form 
of  the  letter  U  is  so  placed,  that  one  of  its  branches  is  above 
the  upper  prong  of  the  fork,  and  the  other  branch  below  the 
lower  prong  of  the  fork.  This  magnet  consists  of  a  soft  iron 
core,  wound  with  covered  copper  wire.    When^  a  current  of 
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electricity  is  sent  into  the  wire,  the  iron  is  magnetized  and 
attracts  the  prongs  of  the  tuning-fork.  If  the  current  acted 
constantly,  the  magnetism  would  retard  the  prongs  when  ax>- 
proaching  as  much  as  it  accelerated  them  when  separating 
ftom  each  other.  This  retardation  is  prevented  by  interrupt- 
ing the  electrical  current  and  suspending  the  magnetic  action 
when  the  prongs  are  approaching  one  another.  This  is  acconi- 
plished  by  making  the  longer  prong  of  the  tuning-fork  a  part 
of  the  circuit.  The  upper  surface  of  this  prong  has  a  little 
platinum  or  silver  plate  near  its  extremity,  which  is  just 
touched  by  a  platinum  wire,  attached  to  a  spring  and  supx>orted 
by  a  pillar,  when  the  tuning-fork  is  at  rest.  After  the  prongs 
have  moved  outwards,  the  platinum  point  leaves  the  plate,  the 
current  is  interrupted,  and  the  prongs  spring  together  without 
any  retardation.  A  Grove's  battery  of  six  elements  arranged, 
two  for  quantity  and  three  for  intensity,  is  sufficient  to  start  the 
tuning-fork  when  at  rest,  and  to  put  it  in  such  enei^tic  vibra- 
tion that  the  extremities  of  the  prongs  strike  the  poles  of  the 
magnet,  though  at  the  distance  of  three-fourths  of  an  inch,  when 
the  tuning-fork  is  at  rest.  Let  one  end  of  a  cord  be  attached 
to  either  prong  of  the  tuning-fork,  while  the  other  end  passes 
over  a  pulley  and  carries  a  weight  of  sixteen  ounces.  If  the 
length  and  diameter  of  the  cord  are  such  that,  with  this  tension, 
its  rate  of  vibration  agrees  with  that  of  the  tuning-fork,  it  will 
be  thrown  into  a  powerftil  sympathetic  vibration.  If  the 
weight  is  reduced  to  four  ounces,  the  cord  will  be  tuned  to  the 
next  octave  below  the  note  of  the  fork.  Its  second  harmonic, 
which  is  always  an  octave  higher  than  the  fbndamental  note, 
will  now  correspond  to  the  note  of  the  fork.  Hence  the  cord 
still  responds  by  breaking  up  into  two  segments,  with  a  node 
in  the  middle.  Change  now  the  weight  to  one  ounce  and  three- 
fourths.  This  is  about  one-ninth  of  the  original  weight. 
Hence  the  cord  will  vibrate  only  once  while  the  fork  makes 
three  vibrations,  so  that  there  is  a  difference  of  twelve  notes 
between  them.  If  the  note  of  the  cord  were  C,  that  of  the  fork 
would  be  G  in  the  next  higher  octave.  Now  it  happens  that 
the  third  harmonic  of  a  cord  is  always  twelve  notes  higher  than 
its  Amdamental  tone ;  therefore,  the  fork  may  call  out  a  re- 
sponse from  the  cord,  which  divides  into  three  segments,  and 
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giTes  forth  visMy  its  third  harmonic.    In  a  similar  way,  a  ten- 

non  of  one  omice  makes  the  string  divide  into  four  segments, 

by  redacing  its  ftmdamental  note  by  two  octaves.    A  tension 

of  one  quarter  of  an  ounce  makes  the  string  divide  into  eight 

segments,  by  reducing  its  fhndamental  note  by  three  octaves. 

A  heavier  cord  is  also  sometimes  used,  requiring  a  weight  of 

one  hundred  and  forty-four  ounces  when  it  vibrates  in  one  seg- 

m^t,  which  makes  the  phenomena  still  more  conspicuous. 

With  either  cord,  if  the  tension  is  not  such  as  to  bring  some 

one  of  the  harmonics  into  unison  with  the  tuning-fork,  the  cord 

is  vMdy  olent. 

These  experiments  are  particularly  valuable  as  illustrating 
two  propositions. 

1.  They  fhmish  an  excellent  exemplification  of  the  great 
mechanical-  results  which  originate  in  sympathetic  motions, 
when  bodies,  which  stand  in  each  others  neighborhood,  are 
nicely  attuned  to  one  another  in  their  rates  of  vibration. 
Bridges  are  endangered  by  the  passage  of  troops  when  march- 
ing to  the  regular  beat  of  music,  and  buildings  are  weakened 
or  destroyed  sometimes  by  the  weH-timed  motion  of  the  machin- 
eiy.  It  is  well  known  in  the  factories  of  Lowell,  that  the  walls 
wiU  vibrate  when  the  machinery  goes  at  a  fixed  rate ;  but  if 
the  speed  is  increased  or  slackened,  they  stand  perfectly  still. 
In  one  instance,  water  was  nearly  emptied  out  of  a  pail  by  the 
agitation  of  the  floor  on  which  it  stood ;  bnt  when  the  cause 
was  discovered  the  remedy  was  a  simple  one,  viz. :  to  alter  the 
rate  at  which  the  machinery  moved. 

2.  These  experiments  are  valuable,  in  the  second  place,  as 
illiistrating  the  optical  method  of  studying  the  laws  of  Acous- 
tics. In  this  view  of  the  subject,  the  paper  now  presented  and 
the  experiments  which  accompany  it,  may  be  considered  as  a 
continuation  of  the  paper  and  the  experiments  which  I  offered 
at  the  last  meeting  of  the  Association.  At  the  Burlington 
meeting,  I  discussed  the  optical  method  of  studying  the  laws 
<^  vibration  of  columna  of  air.  The  advantage  of  the  optical 
method  of  studying  sound  is  great,  as  it  makes  the  experiment 
independent  of  the  musical  excellence  of  the  ear  of  the  experi- 
menter, and  relieves  it  of  a  large  personal  equation  in  the  ob- 
ierrer.    Any  person,  by  the  use  of  this  method,  may  accom- 

14 
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plish  more,  with  the  coarsest  vision,  than  would  be  possible, 
by  the  ordinary  methods,  to  the  most  highly  cultivated  mosi* 
cal  ear. 


2.  Laws  of  the  Ocean  Curbents.    By  J.  S.  Grimes  of  New 
York. 

PBEL.IMINARY  EXPLANATIONS. 

1.  The  prime  moving  cause  of  all  the  constant  ocean  car- 
rents  is  the  difference  of  temperature  between  the  warmer  and 
colder  latitudes.  The  surface  water  in  the  colder  latitudes 
becomes  cool  and  condensed  so  as  to  sink  and  flow  in  deeper 
currents  towards  the  equator,  while  the  surface  water  in  the 
tropical  latitudes  is  warmed  and  overflows  towards  the  poles. 
These  two  currents  continually  balance  and  compensate  each 
other.  Were  it  not  that  the  earth  turns  daily  on  its  axis  from 
west  to  east,  no  farther  explanation  of  the  ocean  currents 
would  be  required. 

2.  It  is  now  well  known  to  geographers  that  when  a  current 
flows  from  the  equator  the  rotation  of  the  globe  causes  it  to 
flow  easterly,  that  is  it  flows  north-easterly  in  the  northern  and 
south-easterly  in  the  southern  hemisphere.  When  on  the  con- 
trary  a  current  flows  towards  the  equator  the  effect  of  rotation 
is  to  deflect  it  in  a  westerly  direction  —  that  is  south-west  in 
the  northern  and  north-west  in  the  southern  hemisphere.  This 
also  is  very  simple,  and  is  a  suflScient  explanation  of  all  the 
currents  of  the  ocean  excepting  flve.  There  are  flve  great 
elliptical  currents,  one  in  each  of  the  oceans,  that  require 
farther  explanation. 

3.  There  are  then  two  classes  of  ocean  currents,  the  local 
and  the  elliptical.  The  local  currents  I  have  already  described. 
They  move  either  north  or  south  and  do  not  return,  but  are  lost 
in  the  masses  of  the  ocean.  The  elliptical  currents  have  not 
hithei*to  been  understood ;  indeed,  it  is  only  within  a  few  years 
that  their  very  existence  as  a  class  has  been  recognized. 
According  to  the  best  information  that  I  have  been  able  to 
obtain.  Professor  Joseph  Henry,  of  Washington,  was  the*  first 
to  announce  the  fact  that  in  each  of  the  flve  great  oceans  there 
is  one  vast  whirl,  or  elliptical  current.    His  article  was  pub- 
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lished  in  one  of  the  patent  oflSce  reports  about  ten  years  ago. 
Fh>fe8aor  Dana  in  Ms  excellent  Manual  of  Geology  not  only 
makes  the  same  statement,  but  illustrates  it  by  an  engraving. 

The  only  hypothesis  that  has  been  offered  to  account  for 
Uiese  wMrls  or  ellipses,  is  that  they  are  owing  to  the  basin-like 
forms  of  the  depressions  in  the  earth's  crust  in  which  the  ocean 
is  contained.     K  we  do  not  scrutinize  this  hypothesis  too 
doaely,  it   seems   quite  plausible.    The  warm  currents  move 
north-east  (in  this  hemisphere)  and  the  cold  currents  south- 
west, and  both  being  forced  against  the  sides  of  the  basin,  are 
driTen   entirely  around   it.     I   say  this  seems  plausible;  but 
when  we  apply  the  experimenium  crucis  the  hypothesis  fails, 
for  in  repeated  instances  the  currents  leave  the  shores  or  sides 
of  the  basins  and  flow  off  in  tangents  to  pursue  their  own 
elliptical  orbits ;  or,  if  like  planets,  they  are  impelled  by  an 
invisible  and  irresistable  power,  over  which  neither  the  shores 
nor  the  winds  have   any  essential    influence.     Obser\'e,  for 
instance,  the  elliptical  current  of  the  North  Paciflc,  leaving  the 
coast  of  California  to  flow  south-west,  while  the  coast  ti*ends 
to  the  south-east.    See  the  same  current  in  mid-ocean  before 
it  reaches  Asia  turning  north-west.    Here  is  no  land  nor  basin 
ades  to  deflect  the  current. 

Again,  in  the  South  Pacific,  the  current  flows  from  the 
Antartic  Sea  north-east  to  Chili.  Afterwards  it  leaves  the 
coast  of  Peru  and  flows  south-west,  and  then  west,  and  while 
flowing  in  mid-ocean  it  turns  again  and  flows  south  between 
Australia  and  New  Zealand.  In  the  South  Atlantic  obseiTe 
the  current  flow  from  the  coast  of  Brazil  eastward  across  the 
ocean  to  Africa.  In  the  Indian  Ocean,  observe  how  the  ellip- 
tical current  keeps  on  the  south  side  of  the  equator,  and  avoids 
the  iBlands  and  the  coast  of  southern  Asia.  It  is  plain  then 
that  this  hypothesis,  when  brought  face  to  face  with  facts,  is 
entirely  discredited. 

Taking  for  my  guidance  the  most  authentic  maps  and  charts 
that  I  could  obtain,  I  have  found  that  an  elliptical  current  does 
not  in  any  instance  extend  much  farther  from  the  equator  than 
the  forty-fifth  parallel.  I  do  not  think  that  in  any  case  it 
reaches  as  far  as  the  fiftieth  parallel,  though,  of  course,  the 
change  <tf  the  seasons  produces  some  variations.    In  all  five  of 
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the  oceans,  very  near  the  forty-fifth  parallel,  the  corrent  flows 
dne  east  nearly  across  the  ocean  to  which  the  current  belongs. 

I  find,  also,  that  in  each  ocean,  on  the  western  side,  there  is  a 
point  where  the  current  changes  its  course  fix>m  westerly  and 
begins  to  move  easterly,  and  in  all  cases  this  point  is  very  near 
the  twenty-fifth  parallel.  On  the  eastern  side  of  the  ocean 
there  is  an  analogous  turning  point,  but  it  is  near  the  thirty- 
fifth  parallel,  that  is,  it  is  ten  degrees  farther  fix>m  the  equator 
than  the  turning  point  on  the  western  side  of  the  ocean.  These 
turning  points,  at  some  seasons,  vary  somewhat  from  the 
parallels  I  have  assigned  to  them,  but  in  eveiy  case  it  will  be 
found  that  the  eastern  turning  point  is  about  ten  degrees  north 
of  the  western. 

A  true  theory  should  explain  these  points  and  limitations  of 
the  currents,  and  give  good  reasons  for  every  one  of  their 
peculiarities. 

ELLIPTICAL  CUBKEirrS. 

Let  us  take  the  North  Atlantic  current  as  an  example  by 
means  of  which  to  illustrate  the  laws  that  govern  aU  elliptical 
currents.  This  current  may,  for  convenience,  be  said  to  com- 
mence in  the  Gulf  of  Mexico,  at  the  twenty-fifth  degree  of 
north  latitude.  Here  the  water  of  the  current  is  neutral,  that 
is,  it  has  the  same  easterly  velocity  that  the  globe  in  the  same 
latitude  has.  From  the  Gulf  the  current  flows  north-east.  It 
flows  north  because  it  is  warm,  and  east  because  it  carries  with 
it  more  easterly  force  or  easting  than  is  possessed  by  the  globe 
in  more  northern  latitudes.  The  farther  north  it  flows  the 
more  easting  it  acquires,  and  the  more  it  difiTers  from  the  places 
in  which  it  arrives.  When  it  reaches  the  forty-flfth  degree  of 
north  latitude  at  the  Grand  Banks  of  Newfoundland  it  has 
acquired  so  much  easting  that  it  flows  due  east  nearly  across 
the  ocean. 

This  will  not  appear  incredible  when  we  consider  that  the 
transferred  water  left  the  Gulf  with  an  easterly  velocity  of  two 
hundred  and  flve  miles  per  hour  greater  than  is  possessed  by 
the  water  on  the  Grand  Banks.  The  wonder  might  rather  be 
that  the  current  did  not  flow  due  east  before  it  reached  as  £eu: 
north  as  the  Grand  Banks. 

The  question  may  occur  why  the  water  of  the  ocean  current 


i.  VATHBSCA.TICS,   FHT8ICS,  AND  CHZ1II8TBT.  109 

only  moTes  aboot  two  miles  an  hour.    If  the  water  of  the 

Gulf  ooold  by  some  means  be  instantly  transferred  from  the 

tweDty-itOi  to  the  forty-fifth  parallel,  it  would  move  eastward 

two  hondred  and  five  miles  per  hour.    The  reason  why  the 

cnrrent  only  nooves  two  miles  instead  of  two  hundred  is  that 

the  quantity  of  the  water  transferred  from  the  Gulf  to  the 

Baoiks  IB  small  compared  with  the  great  mass  of  ocean,  and 

the  force  of  a  particle  of  the  transferred  water  is  diflhsed  and 

diTided  among  a  great  many  particles,  so  that  the  current 

gains  in  mass  what  it  loses  in  Telocity. 

Many  authors,  finding  it  necessary  to  give  some  reason  for 
the  coirent  turning  east  so  suddenly  at  the  Grand  Banks, 
assert  that  it  is  deflected  east  by  the  Banks  themselves.  But 
when  we  consider  the  great  difference  in  easterly  velocity  (205 
miles  per  hour),  between  the  twenty-fifth  and  forty-fifth  paral- 
lels, we  need  be  at  no  loss  for  the  reason  why  the  current  turns 
from  north-east  to  due  east. 

Before  the  current  reaches  the  shores  of  Europe  it  turns  to 
^e  south  of  east ;  ^his  also  has  been  vaguely  accounted  for  by 
saying  that  it  is  deflected  by  the  shores.  But  the  truth  is,  that 
it  has  become  cooled  in  crossing  the  ocean.  The  warm  water 
at  the  sur&ce  cooled  first  and  sank  and  turned  southerly ;  its 
place  was  inmiediately  occupied  by  the  warmer  particles  below, 
and  these  in  turn  cooled,  sunk  and  turned  south  in  the  same 
manner.  So  much  of  the  current  as  did  not  thus  become 
cooled  turned  to  the  north-east,  and  flowed  to  the  Arctic  ocean ; 
bat  the  cooled  portion  flowed  south,  as  all  cold  ocean  water  in 
the  northern  hemisphere  does. 

At  the  thirty-fllth  parallel  the  current  ceases  to  flow  easterly, 
and  turns  to  the  south-west.  The  reason  of  this  change  is  that 
the  surplus  easterly  force  is  exhausted.  Here,  therefore,  the 
water  becomes  neutral.  It  has  just  the  same  easterly  velocity 
that  the  globe  in  that  latitude  has,  and  no  more*  Let  me  here 
remark,  that  in  each  of  the  five  great  ellipses  there  are  two 
neutral  points  where  the  current  and  the  globe  have  the  same 
easterly  velocity ;  one  of  these  is  at  the  twenty-fifth  and  the 
other  at  the  thirty-fifth  parallel.  I  doubt  whether  either  of 
these  points  ever  varies  five  degrees  from  those  parallels. 
It  will  be  observed  that  the  current  begins  to  flow  easterly 
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at  the  twenty-fifth  parallel  and  that  it  does  not  reach  the  same 
parallel  again  before  it  ceases  to  move  easterly.  It  falls  short 
ten  degrees,  and  ceases  to  flow  easterly  at  the  thirty-fifth 
parallel.  If  the  current  could  move,  as  a  planet  does,  with- 
out expending  any  of  its  force,  it  would  reach  the  twenty-fifth 
parallel  before  its  easterly  force  would  be  exhausted,  but  the 
current  emends  so  much  of  the  easterly  force  that  it  carries 
with  it  fh>m  the  twenty-fifth  parallel,  that  it  is  exhausted  when 
it  ariives  at  the  thirty-fifth  parallel.  It  seems,  therefore,  that 
the  easterly  force  expended  by  the  current*  on  its  journey  from 
the  twenty-fifth  parallel  to  the  thirty-fifth,  is  equal  to  the  force 
required  to  continue  it  in  an  easterly  direction  ten  d^rees 
farther. 

When  the  cold  neutral  current  flows  south  of  the  thirty-fifth 
parallel,  it  immediately  enters  latitudes  that  possess  more  and 
more  easterly  velocity  than  the  current  does.  Of  course  the 
current  flows  relatively  south-west.  The  farther  south  the 
current  flows,  the  more  westerly  it  flows,  until,  near  the  equator, 
it  is  impelled  in  a  due  west  direction  by  an  irresistible  force. 

I  have  already  explained  that  when  the  current  flows  due 
east,  it  continually  cools,  and  turns  southerly ;  but  now,  while 
flowing  due  west  near  the  equator,  it  becomes  warmer  and 
warmer,  and  the  heated  surface  water  turns  northward,  as  all 
warm  current  do  in  the  northern  hemisphere.  The  current, 
therefore,  flows  north-west  to  the  Gulf  of  Mexico,  whence  it 
started.  Here  its  westerly  force  is  exhausted,  it  becomes  neu- 
tral again,  and  is  ready  to  repeat  its  elliptical  circuit. 

It  is  an  interesting,  as  weU  as  important  fact,  that  the  laws 
which  govern  the  currents  are  such  as  to  limit  the  extent  of  the 
ellipses,  and  fix  their  boimdaries  in  all  directions. 

In  the  Atlantic  the  ellipses  have  not  quite  room  enough  to 
develop  themselves  to  their  fhll  extent,  but  in  the  Pacific  there 
is  evidently  *^oom  and  verge  enough"  to  enable  them  to 
expand,  and  exhibit  their  proper  normal  dimensions.  At  the 
first  thought  it  might  seem,  that,  if  North  America  were  to 
sink,  the  Atlantic  and  Pacific  being  one  great  ocean,  there 
would  be  but  one  vast  elliptical  current,  where  now  there  are 
two ;  but  a  more  rigid  examination  will  result  in  the  conviction 
that  the  two  currents  would  still  continue  to  flow  in  separate 
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orbits,  and  perfectly  independent  of  each  other.  Let  us  once 
more  briefly  review  the  ellipse  and  show  that  the  path  of  a 
cmrent  is  fixed  by  laws  as  definite  and  inexorable  as  those  that 
determine  the  paths  of  the  planets  in  their  orbits. 

When  a  current  flows  north-east  from  the  twenty-fifth 
parallel,  it  continues  to  accumulate  more  and  more  easting, 
nntU  it  reaches  the  forty-fifth  parallel,  when  its  easterly  force 
is  so  great  that  it  is  compelled  to  flow  due  east.  The  extent 
of  the  ellipse  in  a  northern  direction,  is  therefore  limited  to 
the  forty-fifth  degree. 

When  the  current  reaches  the  thirty-fifth  parallel,  the  easting 
is  exhausted,  and  therefor  the  further  extension  of  the  ellipse 
in  that  direction  is  impossible.  When  the  current  flows  near 
to  the  equator  it  has  accumulated  so  much  westing  that  it  is 
forced  to  flow  due  west ;  it  cannot  cross  the  equator,  and  the 
extent  of  the  ellipse  is  thus  limited.  When  the  current  flows 
norUi-west  from  the  equator  it  reaches  the  twenty-fifth  parallel, 
and  then  the  westing  being  exhausted  the  ellipse  cannot  be 
extended  any  farther  west.  It  seems  that  a  current  cannot 
flow  alternately  north  and  south  between  the  equater  and  the 
forty-fifth  parallel  without  assuming  an  elliptical  or  rather  an 
ellipsoidal  both  essentially  like  that  in  the  diagram. 

In  regard  to  Local  currents,  they  never  flow  within  the  limits 
of  an  elliptical  circuit,  but  are  generated  outside  of  them  by 
excessive  cold  or  heat  in  situations  where  the  water  cannot 
restore  its  equilibrium  by  means  of  any  one  of  the  great 
elliptical  currents. 

It  may  be  said  that  all  currents  tend  to  flow  in  elliptical  cir- 
cidts,  but  local  currents  are  so  situated  that  they  have  not  room 
enoo^  to  make  a  circuit  and  return.  They  therefore  flow  in 
curvilinear  paths  until  they  are  lost  and  merged  in  the  great 
ocean.  On  the  eastern  side  of  any  ocean  a  warm  current  is 
always  local  and  flows  counter  to  the  course  of  the  elliptical 
current.  On  the  western  side  a  cold  current  is  always  local 
and  flows  counter  to  the  course  of  the  elliptical  current.  Our 
local  current  never  flows  counter  to  another  in  the  same  latitude 
and  on  the  same  side  of  the  ocean. 

The  most  remarkable  of  all  the  local  currents,  if  indeed  it 
can  be  properly  called  local,  is  the  Atlantico-Arctic  current. 
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It  flows  north-east  fix>m  the  middle  of  the  Atlantic  in  the  forty- 
fifth  degree  of  north  latitude,  and  passing  through  the  British 
Archipelago,  it  flows  along  the  coast  of  Norway  into  the  Arctic 
ocean.  By  this  time  it  has  acquired  so  much  easting  that  it 
flows  nearly  due  east  half  way  around  the  pole,  and  then 
escapes  along  the  east  coast  of  Greenland  into  the  Atlantic. 
Acquiring  more  and  more  westing  as  it  flows  more  southerly, 
it  hugs  the  United  States  coast  and  proceeds  as  a  deep  cold  cur- 
rent into  the  Caribbean  Sea.  Its  tendency  now  is  to  escape 
west  into  the  Pacific,  but  the  American  continent  preyents  this 
and  it  remains  until  it  becomes  warm,  and  then  turns  and 
retraces  its  course  north-easterly  in  company  with  the  regular 
elliptical  current,  until  it  reaches  the  forty-fifth  d^ree,  and 
then  repeats  its  circuit. 

The  most  noted  local  current  in  the  south  Atlantic  is  called 
the  Guinea  current.  It  appears  to  be  generated  near  the 
equator,  between  the  two  ellipses,  and  flows  south  and  south- 
east into  the  Gulf  of  Guinea,  between  the  elliptical  current 
and  the  African  coast.  It  flows  parallel  with  the  elliptical  cur- 
rent but  in  the  opposite  direction.  Malte-Brun  say  that  ^'  no 
adequate  cause  can  be  given  for  this  current."  I  can  readily 
understand  that  in  the  absence  of  the  principles  explained  in 
this  essay,  not  only  Malte-Brun  but  eveiy  other  geographer 
would  be  unable  to  assign  an  adequate  cause  for  two  large  cur- 
rents flowing  side  by  side,  but  in  opposite  directions. 

The  Cape  Horn  current  in  the  North  Pacific,  is  perfectly 
analogous.  It  is  a  warm  current  generated  on  the  West 
Coast  of  South  America,  which  of  course  flows  south  and 
east  along  the  coast  and  escapes  into  the  Atlantic  around  Cape 
Horn.  It  is  described,  I  believe,  by  all  writers,  as  a  part  or 
branch  of  the  great  cold  current  (the  elliptical  current)  that 
flows  from  the  Antarctic  ocean  to  Peru.  %ut  the  truth  is  that  it 
is  a  perfectly  independent  warm  current,  flowing  south  and  east, 
while  the  great  Peruvian  current  is  cold  and  flows  north  and  west. 
In  the  North  Paciflc,  near  the  equator  and  between  the  two 
great  ellipses,  is  a  counter  local  warm  current  which  flows  east 
to  the  American  coast,  and  then  north  between  the  coast  and 
the  ellipse,  as  far  as  Oregon,  and  perhaps  farther.  I  have  been 
informed  by  Commodore  Hitchcock  of  the  American  Navy,  that 
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be  bas  observed  a  Bimilar  current  in  a  corresponding  situation 

m  the  Atlantic.     X  presume  that  the  current  whicli  he  observed 

is  a  part  of  the  so  called  Guinea  current.    I  regard  the  Guinea 

corrent,  the  Cape  Horn  current,  and  the  North  Pacific  counter 

current,  as  all  analogous  to  each  other. 

There  are  some  so  called  periodical  currents  in  the  land- 
locked seas  of  Arabia,  Bengal,  China  and  Australia,  which  are 
supposed  to  be  produced  by  the  monsoon,  or  season  winds. 
But  there  is  a  lack  of  correct  information  concerning  them. 
1  suspect,  however,  that  the  winds  have  but  little  agency  in 
producing  these  or  any  other  important  and  deep  currents.    It 
is  more  likely  that  the  same  changes  of  the  season  which  pro- 
duce the  monsoon,  or  season  winds,  are  also  the  real  causes  of 
the  periodical,  or  season  currents  of  the  sea. 


3.  The  Natuke  or  Electric  Dischabge.    By  Prof.  O.  N. 

Stoddabd,  of  Oxford,  Ohio. 

That  theory  seems  very  unwieldy  which  conceives  of  elec- 
tricity as  two  fluids  imponderable  and  indefinitely  rare ;  quiet 
when  united  but  intensely  active  when  separated,  and  that  all 
the  violent  effects  are  due  to  the  transfer  of  the  fluids  through 
bodies.  And  this  conception  constantly  manifests  itself  in  the 
statements  of  the  laws  and  phenomena  of  electricity. 

Few,  it  is  believed,  will  object  at  present  to  the  view  that 
the  electric  force  is  molecular;  that  whatever  doubt  may 
exist  as  to  its  precise  nature  and  mode  of  operation,  that  it  is 
connected  with  and  acts  by  and  through  those  particles  which 
chemistry  contemplates  as  atomic ;  that  whatever  changes  or 
disruptions  are  wrought  by  it,  are  operations  going  on  among 
these  atoms ;  and  that  electric  discharge  is  not  the  transfer  of 
matter,  but  of  some  change  along  the  line  of  discharge,  pro- 
ducing other  correlated  forces.  All  electrical  excitement  pre- 
ceding discharge  is  a  state  of  induction,  transferred,  according 
to  Faraday,  along  lines  of  particles  to  other  bodies.  This 
condition  is  one  of  tension,  and  the  tendency  of  the  particles 
is  to  undergo  some  change  antagonistic  to  cohesion,  and  con- 
sequently resisted  by  this  force.  As  long  as  cohesion  can 
A.  A.  A.  s..  VOL.  xvn.         15 
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resist  the  electric  force,  the  condition  is  statical.  If  the  ten- 
sion rises  to  a  sufficient  degree,  the  particles  yield  and  under- 
go the  change  which  the  force  requires.  This  is  discharge. 
The  change,  in  which  consists  dischai^e,  will  be  violent  in 
proportion  to  the  degree  of  tension,  and  the  character  of  the 
change  will  depend  upon  the  nature  of  the  body.  The  sub- 
stance may  be  split — torn  asunder — as  in  trees;  ground  to 
powder  or  fractured,  as  in  glass  and  other  brittle  bodies ; 
melted  as  in  metals,  or  chemically  separated  as  in  compound 
bodies.  These  various  actions  are  the  equivalents  of  the  elec- 
tric force,  and  are  its  correlated  forms. 

The  enei^,  in  that  particular  form  we  call  electricity,  has  in 
each  of  these  cases  of  discharge  been  expended.  As  a  cause 
it  has  acted,  and  as  such  has  disappeared.  Its  farther  exist- 
ence must  be  sought  for  in  its  effects.  The  mechanical  and 
chemical  separations,  the  heat  and  the  light,  are  all  so  many 
evidences  of  the  electric  force,  and  exact  measures  of  it. 

That  aU  these  changes  are  the  results  of  molecular  displace- 
ments seems  plain  from  the  effects.  When  passed  through  a 
thick  plate  of  glass  the  discharge  pulverizes  along  its  track 
the  glass  to  an  impalpable  powder.  A  violent  separation  of 
particle  from  particle  has  taken  place,  as  if  the  molecular  in- 
terstices were  filled  with  an  explosive  substance. 

A  blow  from  a  hard  body,  or  from  a  fluid  shot  with  enormous 
velocity,  against  the  glass,  would  merely  drive  the  particles 
before  it  and  leave  a  clear  opening.  But  in  electric  discharges 
each  particle  is  so  disrupted  fW>m  the  adjacent  ones  as  to 
break  up  the  cohesion,  while  none  are  thrown  off  except  at  the 
surface,  where  there  is  no  force  to  counteract  the  explosive 
action.  The  pulverized  atoms  must  occupy  more  space  on 
account  of  diminished  density,  and  naturally  press  outwards  in 
the  direction  of  least  resistance.  The  burr  on  both  sides  of  a 
card  merely  indicates  the  strong  molecular  repulsion  acting 
from  within  outward.  The  imprisoned  air  in  bodies  of  loose 
texture  will  have  its  influence,  being  itself  subject  to  the  same 
disruption,  but  the  double  burr  wiU  be  produced  in  thin  plates 
of  wax,  in  which  air  cannot  be  present  in  sensible  quantity. 
When  a  tree  is  riven  by  lightning  the  splintering  is  caused  by 
the  repulsive  energy  acting  along  the  line  of  discharge.    If 
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the  fibres  of  the  wood,  where  the  fracture  takes  place,  had  been 
changed  to  gunpowder,  or  gun-cotton,  and  exploded,  the  re- 
sults would  closely  represent  those  effected  by  electricity. 

So  when  a  body  is  melted  by  the  discharge,  the  heat  in  pro- 
ducing liquidity  certainly  acts  upon  the  molecules.  But  it  is 
unreasonable  to  suppose  that  the  heat  is  developed  by  the  dish 
charge  merely  on  the  surface,  and  then  passed  inward  by  the 
slow  process  of  conduction.  On  the  contrary,  it  flashes  into 
intense  energy,  at  the  same  instant,  among  all  the  particles  of 
the  mass.  The  inconceivable  rapidity  of  the  change  from  a 
solid  to  a  liquid,  caused  by  electricity,  leaves  no  time  for  con- 
duction. 

That  chemical  afl9nity  is  a  molecular  force  no  one,4t  is  pre- 
sumed, will  doubt.  But  the  very  intimate  relations  of  the  chemi- 
cal and  electric  forces — so  intimate  as  to  induce  in  some  minds 
a  belief  of  their  identity — will  hardly  permit  us  to  assign  a 
molecular  character  to  one  and  not  to  the  other.  The  light 
which  pervades  the  atmosphere  for  some  distance  around  the 
point  where  lightning  strikes  the  earth,  does  not  seem,  from  the 
cases  the  writer  has  had  the  dangerous  pleasure  of  witnessing, 
to.  be  a  gleam  of  reflection  from  the  brighter  track  of  the 
spark,  but  rather  a  light  produced  in  the  air,  for  some  distance 
around,  by  molecular  disturbance ;  the  same  in  kind,  but  less 
in  degree,  as  that  which  rivals  sunlight  along  the  central  path. 
A  green  tree,  at  which  the  writer  happened  to  be  looking  the 
moment  it  was  struck,  was  covered  from  top  to  bottom  with  a 
diffiised  flame,  in  the  midst  of  which  the  central  stream  of  fire 
gleamed  in  tortuous  course  along  the  trunk.  It  is  not  to  be 
supposed,  however,  that  the  electric  induction,  and  the  tension 
caused  by  it,  which  precedes  discharge,  exist  only  along  the 
line  of  violent  action. 

The  line  of  discharge  may  be  considered  the  remUant  of  the 
electric  tension  for  some  distance  around,  and  along  this  line 
is  expended  at  the  moment,  all  the  accumulated  force  from 
inductive  action.  The  violently  disruptive  effects  which  some- 
times occur,  are  adequately  explained  by  the  heat  produced 
along  the  line  of  discharge. 

No  other  known  agency  generates  heat  so  suddenly  and  of 
such  intensity  aa  the  electric  force.    The  reason  is  plain.    The 
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elctric  force  being  itself  molecular,  deyelopes,^r  as  some  would 
prefer,  is  converted  into  heat  at  the  same  instant  thronghont  the 
whole  body,  and  its  repulsive  power  is  exerted  simultaneously 
between  all  the  particles,  and  needs  no  transfer  by  conduction. 
The  violence  with  which  some  chemical  compounds  explode,  is 
proportional,  other  things  being  equal,  to  the  consentaneoas- 
ness  of  the  action  among  the  particles.  Allowing  the  velocity 
of  electricity  to  be  the  same  as  that  of  light,  the  time  in  which 
a  coin  or  metallic  button  on  the  person,  would  be  melted  \a 
inconceivably  short,  less  than  the  one  tuoelve  biUiorUh  of  a 
second.  The  same  explosive  action  expended  on  the  air  causes 
the  terrific  sound  of  thunder.  Near  the  path  of  dischai^, 
it  is  a  crash,  sharp,  spiteful.  At  a  distance  it  is  toned  down 
by  the  elasticity  of  the  air  into  a  roar  which  shakes  the  very 
earth. 

It  seems  strange  that  some  writers  should  attribute  the 
sound  to  the  collapse  of  the  air  after  displacement.  The 
collapse  is  but  the  reaction  from  the  condensed  air  around  the 
line  of  displacement,  and  of  course  cannot  exceed  the  force  of 
displacement.  The  latter,  then,  is  the  primary  cause  of  the 
sound ;  the  collapse  only  repeats  the  undulation  with  some  loss 
of  force. 

Surprise  is  sometimes  expressed  that  the  human  body  when 
struck  is  not  torn. .  The  electricity  is  a  good  deal  diffused 
througk  so  large  and  so  good  a  conductor,  but  the  texture  of 
the  body  is  of  such  a  nature — composed  of  pocous  and  elastic 
solids  filled  with  liquids — that  its  particles  readily  yield  to  the 
requirements  of  the  force,  without  disruption. 

The  mechanical  and  perhaps  chemical  disturbances  of  the 
nervous  system — even  if  there  be  no  other — are  quite  sufll- 
cient  to  account  for  the  fatal  effects  of  the  electric  shock.  If 
it  is  allowable  in  a  scientific  article  to  introduce  one's  own 
experience  of  an  electric  shock  more  violent  than  one  usually 
takes,  then  the  writer  would  say,  that  the  effects  of  a  dischai^ 
from  a  battery  of  twelve  jars,  one  gallon  each,  passed  through 
the  length  of  the  body,  is  best  expressed  by  the  simple  phrase 
— a  stunning  blow. 

If  the  general  laws  of  electric  discharge,  which  I  have 
stated,  are  correct,  then  our  precautions  for  safety  should  con- 
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fonn  to  them.  A  ligbtning  rod  is  intended  to  afford  a  ready 
passage  between  the  cloud  and  earth,  to  any  electricity  which 
may  be  accmnnlatlng.  K  it  discharges  the  electricity  as  fast 
as  it  is  generated,  then  there  can  be  no  collection  in  quantity 
or  intensity  sufficient  to  cause  yiolence. 

The  rod  is  a  good  conductor ;  that  is,  its  particles  readily 
assume  the  conditions  required  for  discharge ;  hence  it  offers  a 
comparatively  unobstructed  channel  for  the  passage  of  the 
electricity,  and  of  course  prevents  any  dangerous  accumula- 
tion. The  rod  takes  time  by  the  forelock — it  anticipates  the 
danger.  It  does  not  allow  this  fierce  agent  to  store  tip  its 
power,  but  gradually  and  safely  transmits  to  earth  an  amount 
of  electric  energy,  which,  if  discharged  at  once,  would  have 
manifested  intense  violence.  K  the  powder  in  a  cannon  were 
homed  grain  by  grain,  during  a  few  seconds,  it  would  not  even 
move  the  ball ;  and  yet  the  same  force  has  been  expended,  as, 
when  exploded  at  once,  it  hurls  the  missile  with  deadly  force. 
Of  late  I  have  been  inclined  to  consider  the  electricity  of  the 
cloud  to  bear  to  that  of  the  earth  the  relation  of  intensity  to 
quantity*  That  an  equivalency  of  force  may  exist  between 
intensity  and  quantity  is  acknowledged  by  all.  Quantity  in 
the  galyanic  battery  has  its  equivalent  force  in  the  intense  flash 
of  the  induction  <coil.  It  may  also  be  admitted  that  quantity 
in  the  earth  is  represented  by  intensity  on  the  points  of  the 
rod.  In  this  case  an  identity  of  action  is  established  between 
tJie  points  and  the  cloud.  It  hardly  need  be  said  that  to  insu- 
late a  rod  firom  the  building  it  is  intended  to  protect  is  useless, 
if  not  worse.  The  house  is  in  a  state  of  electric  tension  as 
well  as  the  rod,  and  the  object  of  the  rod  is  to  relieve  all  such 
tension.  To  do  this  the  rod  must  be  in  electric  communication 
with  the  house.  Indeed  the  insulation  is  after  all  a  sheer  pre- 
tense, and  is  practically  impossible ;  for  the  building  and  rod 
are  connected  through  the  earth.  If  the  roof  is  metallic  all  the 
better.  It  affords  surface  to  diffiise  the  force,  sharp  edges  and 
innumerable  points  to  discharge  it.  Erect  the  rods  then  upon 
thereof. 

No  better  conductors  can  be  constructed  to  connect  such  a 
roof  with  the  earth  than  its  water  pipes.  Pass  iron  or  copper 
rods  fiom  these  pipes  into  moist  earth ;  or  better  still,  connect 
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one  or  more  of  them  with  the  water-pipes  of  a  city,  or  with  the 
water  of  a  well ;  or  in  lieu  of  these,  with  the  gas  pipes,  and 
insurance  of  such  buildings  against  damage  would  be  profitable 
to  a  company  at  exceedingly  low  rates. 


4.  Influence  op  the  Moon  upon  the  Wbathbk.    By  Prof. 

Elias  Loohis,  of  Yale  College. 

Seyeral  meteorologists  have  attempted,  by  a  comparison  of 
a  long  series  of  observations,  to  determine  whether  the  Moon 
exerts  any  influence  upon  the  weather.  From  a  comparison  of 
twenty  eight  years  of  observations  in  Grermany,  Schiibler,  in 
1830,  deduced  a  sensible  influence  of  the  moon,  the  number  of 
rainy  days  at  the  time  of  the  second  octant  being  25  per  cent, 
greater  than  at  the  time  of  the  fourth  octant.  From  a  compari- 
son of  observations  made  at  Paris,  Orange  and  Carlsruhe, 
Gasparin  arrived  at  results  not  differing  greatly  from  those  of 
Schiibler. 

By  a  comparison  of  sixteen  years  of  observations  a^  Green- 
wich, nine  years  at  Oxford,  and  sixteen  years  at  Berlin,  Mr. 
Harrison,  of  England  (Ast.  Soc.  Month.  Kpt.,  v.  28,  p.  39), 
has  obtained  results  which  are  remarkably  consistent  with 
each  other,  and  which  indicate  that  the  moon  exerts  an  appre- 
ciable influence  upon  terrestrial  temperature,  the  maximum  oc- 
curring six  or  seven  days  after  new  moon,  and  the  miuimnm 
about  four  days  after  full.  The  difference  between  the  maxi- 
mum near  the  first  quarter,  and  the  minimum  near  the  last 
quarter,  is  two  and  a  half  degrees  of  Fahrenheit.  These  results 
which  are  so  different  from  what  might  have  been  anticipated, 
Mr.  Harrison  explains  by  supposing  that  the  moon  really  at- 
tains its  greatest  heat  about  the  last  quarter ;  but  that  the  heat 
which  the  moon  radiates  to  the  earth  is  entirely  dark  heat,  and 
therefore  absorbed  by  our  atmosphere.  This  heat  raises  the 
temperature  of  the  air  above  the  clouds,  causing  increased 
evaporation  firom  their  surface,  by  which  they  are  dispersed ; 
and  thus  there  is  an  increased  radiation  of  terrestrial  heat  to 
the  sky,  and  consequently  a  diminution  in  the  temperature  ot 
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&e  air  near  the  groxind.  He  supposes  that  opposite  results 
must  occur  at  the  period  of  minimum  heat  in  the  moon. 

Upon  extending  the  comparison  to  forty  three  years  of 
obeenrations  at  Greenwich  (Rep.  Br.  Asso.,  1859,  p.  198),  Mr. 
Harrison  still  finds  a  fluctuation  of  temperature,  but  the  range 
is  reduced  to  VA  instead  of  2''.5. 

Bays  Ballot  on  tabulating  a  series  of  seventy  years  mean 
daily  temperatures,  according  to  the  moon's  age,  found  that  the 
highest  temperature  occurred  during  the  seven  days  after  full 
iDoon ;  being  almost  precisely  opposite  to  the  results  of  Mr. 
Harrison. 

SdiiapareUi  (Mem.  del  R.  1st  Lomb.,  v.  x,)  has  made  a 
carefhl  analysis  of  thirty  eight  years  of  observations  made  at 
Viglvano,  near  Milan  in  Northern  Italy,  and  has  obtained  re- 
salts  which  are  also  remarkably  consistent  with  each  other. 
They  show  that  about  the  time  of  the  last  quarter  of  the  moon, 
there  is  a  maximum  in  the  number  of  rainy  days,  as  also  in  the 
frequency  of  storms  and  in  the  degree  of  cloudiness. 

At  the  meeting  of  the  American  Association  in  1853, 1  pre- 
sented the  results  of  seven  years  observations  of  the  amount 
of  cloudiness  at  Greenwich.  The  average  results  for  each  day 
of  the  moon's  age  ranged  from  6.1  to  7.0 ;  but  the  fluctuations 
did  not  follow  any  obvious  law.  K,  however,  we  eliminate 
the  influence  of  accidental  causes,  by  substituting  for  each 
day's  result  the  average  of  five  days  (including  the  two  prece- 
ding and  two  following  days),  the  numbers  thus  obtained  are 
remarkably  consistent  with  each  other,  as  shown  in  the  follow- 
ing table,  where  the  degree  of  cloudiness  is  expressed  in  tenths 
of  the  entire  sky. 


adnsbcCnev,  &48 

VevBooo,  MO 

IdiraftarMv,  9» 

J^"      -  MS 


AYKBAOB 
CLOUDIiraSS. 


3<lajsbef.lBtqr^6^ 
«  »*  -  ••  BM 
ldA7  "  '*  «.»> 
Tim  quarter,  6.64 
Iday  after  1st  qr.,<jM 
i  days  ^  **  BM 
»    *•      "       "       6.70 


ATXXAGB 
CLOUDINESS. 


S  days  bef.  mil,  6.78 

5    y      "     *•  6.74 

Iday     *»     "  6.76 

Full  moon,  6.68 

1  day  after  Aall,  6.70 

9  days "      "  6.70 

8    "     "       »*  6.72 


AYKRAGB 
CLOVDIMB88. 


8  days  bef.  8d  qr.,  6  76 
«••"*♦  6.9S 
Iday  "  "  BM 
Tliird  qiiarter,      6.76 

1  day  alter  8d  qr.,  9M 

2  days  "  '*  6.« 
8    "      ••       "       6.42 


The  general  character  of  these  results  will  be  best  perceived 
from  the  curve  line,  fig.  4,  on  Plate  I.  Above  this  curve  I  have 
phu^  the  carve,  fig.  3,  showing  the  number  of  rainy  days  for 
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each  day  of  the  moon,  according  to  the  results  of  Schiaparelli. 
The  general  agreement  of  the  two  curves  is  quite  remarkable, 
and  seems  to  indicate  a  real  influence  of  the  moon  upon  the 
clouds,  the  cloudiness  being  greatest  about  the  time  of  last 
quarter. 

In  order  to  compare  the  influence  of  the  moon  with  that  of 
the  sun,  I  have  taken  the  average  cloudiness  at  Greenwich  as 
indicated  by  observations  made  every  two  hours  for  a  period  of 
seven  years.  The  following  table  shows  the  result,  the  hours 
being  expressed  in  Gottingen  mean  time.    . 


DATS. 

CLOrDI- 
.  MJCSS. 

DATS. 

CLOUDI- 

1IK8S. 

DATX. 

CLOUDI- 
NESS. 

DATX. 

CIX>I7DI- 
XXM. 

4 

7.14 
7J4 
7.08 

6h 
8 
10 

6.«7 
6.S9 
6.06 

12  ta 

14 

16 

6.90 
6.48 
6.80 

18  h 

20 

22 

ej9o 

7M 

The  difference  between  the  greatest  and  least  cloudiness  is 
1.06,  which  may  be  regarded  as  a  measure  of  the  sun's  influ- 
ence. The  moon's  influence,  as  shown  in  the  preceding  table, 
is  0.44,  indicating  that  the  sun's  influence  is  two  and  a  half 
times  that  of  the  moon. 

In  order  to  determine  whether  the.  moon  exerts  any  appreci- 
able influence  upon  terrestrial  temperature,  I  have  arranged 
the  observations  made  at  Girard  College  from  1840  to  1845, 
according  to  the  phases  of  the  moon,  and  taken  the  average 
for  each  day  of  the  moon's  age,  as  shown  upon  the  accompany- 
ing sheet.  If  now,  in  order  to  eliminate  the  influence  of  acci- 
dental causes,  we  substitute  for  each  day's  result  the  average 
of  five  days  (including  the  two  preceding  and  two  following 
days),  the  numbers  thus  obtained  exhibit  a  remarkable  consist- 
ency, as  shown  in  the  following  table. 


AVSRAOB 
TEXPXKATUM. 


8  days  bcf.  new,  52*  J)3 
2  **  "  '•  62.74 
Iday  "  "  ft2.7d 
New  moon,         6i2M 

1  day  after  new,  52.46 

2  djiys  *♦        '*     52.76 

3  i.      »»        ii     52^57 


AVETCAGE 
TXICPEKATURE. 


8  days  bef.l8tqr.  53.12 

2 68.31 

Iday  "  "  63.68 
First  naftrter,  63.48 
Iday  aft.  1st qr.  58.06 
2  days**  '*  62.71 
8    "     "      "        62.67 


AVERAGE 
TSUPEKATURX. 


3  days  bef.  full,  62.26 

2    i»       »♦      **  ^2.36 

Iday     "     "  52.58 

Full  moon,  63.82 

1  day  after  ftall,  62.82 

2  days"       "  62.70 

3  "      ♦*       "  62.64 


AYKRAOB 
TXMPRKATURK. 


J*>*7" 


/sbef.8dqr.  a2j6t 

2  .i  ^  "  62.46 
Iday  "  *•  62.68 
Third  quarter,     62.89 

1  day  alter  3d  qr.  68  JIT 

2  days  *♦  "  68.017 
8    **      "        "      63.14 


The  general  character  of  these  results  will  be  best  perceived 
from  the  curve  line,  fig.  2,  on  Plate  I.  The  range  of  the  fluc- 
tuations is  considerably  reduced  by  taking  the  mean  of  ^ye 


1840 


184]. 


IMj. 


1843. 


I»i4. 


I    1M5. 


I  Means. 


i  .1^  \. 


ro  T  kit-     \  .K  (>!•    \  :iF   V  >')V 


¥roceedlngs  Am,  Assoc.  AiU.  Sci.  Vol.  XVII.  PI.  1. 

3   1101  i  .;   :i  J    t    ^  I     '^   •*    -'    --i    I   O  «    -^    =«   «•''»«»    '-^  » 


t*Mg.1I1. 


Pig.  IV. 


CIRVFLS   ftV    MKA^    TEMPERATURE   AND    CLOUDINESJS   ACCORDING 
TO  THE    AGE   OF   THE   MOOX. 


A.  ICATHEICATICS,  FHTSICS,   AND  C^EMISTBT.  121 

saccesdTe  days ;  but  the  characteristic  features  of  the  curve 
are  still  preserved.  Above  this  curve  I  have  placed  curve  line, 
fig.  1,  representing  the  mean  result  of  thirty  years'  observations 
at  Greenwich  and  Berlin.  It  will  be  perceived  that  both  series 
of  observations  indicate  a  maximum  temperature  a  day  or  two 
before  the  first  quarter,  and  the  principal  undulations  of  the 
two  CQires  exhibit  a  similarity  so  decided  as  to  afford  a  strong 
presumption  that  they  are  mainly  due  to  lunar  influence.  The 
explanation  assigned  by  Mr.  Harrison  is,  however,  contradicted 
by  the  observations  represented  in  fig.  4,  which  shows  that  the 
cloudiness  of  the  sky  is  greatest  about  the  time  when  the  heat 
of  the  moon  should  be  the  greatest. 

The  mean  diurnal  change  of  temperature  at  Greenwich  and 
Berlin  is  a  little  over  ten  degrees,  which  represents  the  average 
diurnal  effect  of  the  sun's  rays  at  these  places.  The  monthly 
fluctuation  of  temperature,  which  is  apparently  due  to  the 
moon's  influence,  is  somewhat  over  two  degrees ;  or  the  influ- 
ence of  the  sun  is  about  flve  times  that  of  the  moon.  Nearly 
the  same  ratio  results  from  the  observations  at  Philadelphia. 

In  1853,  Althaus  (Pog.  An.,  v.  166,  p.  544)  undertook,  by 
improved  methods,  to  measure  exactly  the  amount  of  the  solar 
radiation ;  and  he  applied  his  method  to  determine  the  effect 
produced  upon  the  moon's  surface.  His  conclusions  were  that 
the  temperature  of  the  moon's  surface  fluctuates  from  consider- 
ably below  zero  to  several  hundred  degrees  above  zero,  and 
attains  its  maximum  about  seven  days  after  full.  This  last 
conclusion  coincides  with  the  results  deduced  by  Buys  Ballot 
from  seventy  years'  observations  in  Holland  (Pog.  An.,  v.  146, 
p.  163),  bnt  seems  at  variance  with  the  observations  made 
at  Greenwich  and  Philadelphia. 

The  effect  of  the  moon  upon  the  cloudiness  of  the  sky 
^^ars  to  be  decided,  and  to  follow  nearly  the  same  law  as  the 
inflnence  of  the  sun.  The  mean  degree  of  cloudiness  is  great- 
est about  noon,  and  least  about  nine  o'clock  in  the  evening ; 
that  is,  the  mainTn"Tn  of  cloudiness  slightly  precedes  the  hour 
of  greatest  heat,  and  the  minimum  follows  the  maximum  at  an 
interval  about  eqoal  to  one  third  the  time  of  the  sun's  revolu- 
tion. So,  also,  the  greatest  cloudiness  due  to  the  moon's  influ- 
^ce  oocors  about  the  time  of  greatest  heat ;  that  is,  near  the 
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third  qnarter ;  and  the  Tninimnm  follows  about  a  week  after  the 
maximiiin,  or  about  one  fourth  the  time  of  the  moon's  revolu- 
tion. 

This  disturbance  of  the  yapor  of  our  atmosphere  gives  rise 
to  storms,  during  which  vapor  is  precipitated,  and  a  vast 
amount  of  latent  heat  is  liberated.  The  motion  of  these 
storms  over  the  earth's  surface  is  influenced  by  local. causes, 
such  as  geographical  latitude,  proximity  to  mountains  or  the 
ocean,  and  hence  the  effect  of  these  storms  upon  terrestrial 
temperatures  may  not  be  everywhere  the  same.  This  principle 
may,  perhaps,  explain  the  apparently  opposite  effects  of  the 
moon  upon  the  temperature  of  different  localities. 


5.  Oh  the  Relative  Value  op  Gold  Ain>  Silver  for  a 
SERIES  OF  TEARS.*    By  E.  B.  Elliott,  of  Washington,  D.  C. 

(abstract.) 
The  speaker  began  with  an  account  of  the  relative  standard 
value  of  gold  and  silver  adopted  by  different  nations  in  their 
coinage.  His  object  was  a  practical  one,  bearing  on  the  recom- 
mendations of  the  commission  on  a  uniform  system  of  coinage 
lately  in  session  in  Paris,  in  connection  with  the  Exposition. 
Formerly  the  French  adopted  1  to  15|  for  the  ratio  of  the 
value  of  silver  to  gold  in  their  coinage.  After  the  influx  of 
gold  from  California  and  Australia,  the  market  value  of  gold 
relative  to  silver  fell  below  this  ratio,  and  the  inevitable  effect 
was  that  the  silver  coin  was  remelted  or  exported  nearly  as 
fast  as  coined. 

To  obviate  this  evil,  the  silver  coins  smaller  than  the  flve- 
franc  piece  were  debased,  in  accordance  with  a  recommenda- 
tion of  a  quadripartite  convention  concluded  in  1865,  between 
France,  Belgium,  Italy  and  Switzerland.  This  debasement 
Mr.  E.  conceives  to  be  a  mistake.  They  ought  instead  to  have 
increased  the  amount  of  gold  in  the  gold  coinage  about  3^  per 
cent.,  thereby  conforming  to  the  simpler,  and  in  every  respect 
preferable  ratio  of  1  to  15.    There  would  then  have  been  no 

*TliiB  paper  was  read  at  Bnrlington,  and  was  acoidentaUy  omitted  in  the 
printed  Tolnme  of  Bnilington  Proceedings. 
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Deed  of  changing  the  fineness  of  their  smaUer  silver  coinage 
from  the  simple  decimal  ratio,  nine-tenths  which  had  previously 
been  declared  "  immutable,"  to  the  more  complicated  one  of 
835  thousandths.  Then  the  new  gold  five-franc  piece  would 
have  weighed  one-third  of  five  grammes,  a  very  simple  ratio, 
and  would  have  been  almost  the  exact  value  of  the  American  gold 
doUar.  The  system  of  the  United  States  is  almost  strictly 
metrical.  The  new  French  system  (quadripartite  convention) 
is  unmetrieal,  having  complicated  relations  to  their  beautiful 
system  of  weights  and  measures.  Yet  the  international  com- 
mission has  recommended  the  adoption  of  the  latter,  and  there- 
by the  perpetuation  of  what  originally  was  simply  a  mistake. 
Whereas,  had  a  gold  coin  less  only  by  one  third  of  one  per 
cent,  than  the  American  gold  dollar  been  adopted  as  the  stand- 
ard, the  French  silver  coinage  could  be  maintained  at  its  old 
standard  fineness  of  nine  tenths,  and  would  continue  in  entire 
harmony  not  only  with  the  metric  system,  but  also  with  the 
present  and  past  market  values  of  the  metal ;  whUe  the  Ameri- 
can coinage  would  not  require  appreciable  change. 
The  paper  was  illustrated  by  a  diagram. 


6.  A  nw  FoBicuLA  fob  the  Seduction  of  Obsebvatioks 

IV  IHK  PbEKE  YeBTIOAL,  AKiXOGOUS  TO  MaTEB'S   FoBMULA 

FOB   THE    Reduction   of   Mebidian    Obsbbvations.     By 

William  A.  Bogebs,  of  Alfred  Center,  N.  Y. 

It  is  easily  proved :  — 

L  That,  if  from  any  point  of  the  celestial  sphere  as  a  pole, 
great  circles  be  drawn  through  two  points  nearly  equidistant 
from  the  assumed  pole,  then,  for  any  small  arc,  the  distance  be- 
tween the  two  points  will  be  equal  to  the  angle  at  the  pole 
nmltiplied  by  the  sine  of  the  polar  distance. 

n.  That  the  time  required  to  describe  a  small  diurnal  arc 
near  the  meridian,  is  equal  to  the  given  arc  divided  by  the  co- 
sine of  its  declination. 

m.  That  the  time  required  to  describe  a  small  diurnal 
arc  near  the  prime  vertical  is  equal  to  the  given  arc  divided 
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by  the  product  of  the  sineB  of  the  latitude  and  the  zenith  dis- 
tance. 

Let,  a.  &.  c. 

equal  the  azimuth,  level  and  collimation  constants.     Then,  by 
I,  for  any  zenith  distance  these  functions  become :  — 

a  sin  n.  b  cos  n.  c. 

For  either  the  meridian  or  the  prime  vertical, 

The  time  of  transit  over  tbe  giyen  threads = tbe  obsenred  time. 

+ the  dook  error. 

-j- the  time  of  descrfbing  the  aiv  a  sm^. 
4-  the  time  of  desciibixig  the  arc  b  coz  ^. 
+ the  time  of  describing  the  arc  c. 
For  the  meridian,  by  11, 

rp rp/    I  rr%,    i     asing    i     6C08g    i         C 

"*•      '■'  1-A  A  -Tcosa   I   oosa   I  cosa 
which  is  Mayer's  formula. 

For  the  prime  vertical,  by  m, 

^        -^  n^"-^     «   sin*   «   sln^tang«  «   sfai^sin* 

which  is  the  form  given  by  Bui'noso. 

But  this  equation  is  true  only  for  a  single  thread,  whose  dis- 
tance from  the  line  of  sight  is  a  constant  quantity  c.  Since, 
during  the  passage  of  a  star  over  several  threads,  the  zenith 
distance  undergoes  a  continual  change  of  valu^,  the  mean  of 
the  observed  times  on  the  several  threads  will  not  coincide 
with  the  time  on  the  mean  of  the  threads.  In  order,  therefore, 
to  apply  the  preceding  formula,  it  is  necessary  to  reduce  the 
time  on  each  thread  to  the  time  on  the  mean  of  the  threads  by 
the  usual  formula. 


sin  *  cos  8  sin  (9* — T) 

an  operation  which  is  exceedingly  tedious,  and  likewise  requires 
a  knowledge  of  the  thread  intervals. 

I  have  found  that  the  reduction  from  the  mean  of  the  ob- 
served times  to  the  mean  of  the  threads,  can  be  completely 
effected  by  the  simple  expression, 

#-«i==  [.0031681"]  [no.  units  in  log.  k]  cot  •' 
where, 

0 = the  hoar  angle  fbr  the  mean  of  the  threads. 
0'»  the  hoar  angle  fbr  the  mean  of  the  observed  times, 
log.  k=a  flinction  of  the  variable  hoar  angle,  and  is  to  be 
taken  ftom  Table  Vm,  Chaayenet's  Astronomj, 
VoLH. 
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The  formula  for  the  mean  of  the  threads  therefore  becomes : 
T— T'+aT'  +  [.0031681»]  [no.  units  in  log.  k] 

1^  8in^   '    Bin ♦  tangz*^  ain ^  Btnz 

The  following  redaction  is  given  as  a  test  of  the  accuracy  of 
1^  formula  and  also  to  show  its  superiority  over  the  ordinary 
form  both  in  brevity  and  simplicity. 

By  the  ordinary  form : — 

CONSTANTS. 
r»4<'S8fS4"   log.  sin  ^  COB  a  »  969,761. 

T'  I  ^I  #-^I  log.  sin  (•-^I)  log.  sin  ^  cos  d  sin 
I  (•-il)  log.  t  log.  I  I  T. 

6h.m.  8.    m.  B.       '    «     •   »     «  m.  8.   •   '     •' 

1    I  60  61i>+6  82  J-HO  21—6  13  tf  8.90971  8iW788  1.180S3  S.4731(H^  57.2  9  66  48.2 

I    9  51  a.044  21.8+82  43-6    6    7  8.949M  8.640&  1.02826  2Jr7660-i-8  68.0  60.0 

8    9  08  54.2+8  IOjO+M  67—4  68  21  8.987^  8.686«     .87064  2.24012+8  68.8  48.0 

4    9  56  16.2+0  68.6+  7  19—4  40  48  8.91151  8.60012    .11787  1.60816+O  82.2  47.9 

i    9  66  S9J-0  16.4-  1  66-i  81  29  8.887£  S.Bd&    ,19m    Mdi9-0  80.7  49^ 

•    9  69    9.2-^  56.4-81  66-4  11  29  8.86385  8J$6146     .87040  2JWe94-3  28.7  46JS 

7  10    0  4&S-4  84.4-84  18-8  69  06  8.841M  8.58966  1.01995  2.48oS»-^    2.8  46.9 

8  10   2  31.0-6  173-^7  16-8  46  11  8.817£  8JS15&  1.12748  2.611&-6  49.2  42Ji 

on  n 

h.m.  B. 
The  mean  vahie  of  T  '<»  9  56  18.8 
The  mean  valne  of  T  =9  66  47.2 
Difference        =        26.6 
By  the  formula, 

0—  tr^  [.0031681"][no.  units  in  log.  k]  cot  «» 

log.  .0081681 »  7.60081 
log.  068= leg.  no.  nnitB  in  log.  k  a  2.82478 
Iog.cot0'»li)e866n 
log.(0— 6')=1.48415n 
#-.^a  —86.68 


7.  Os  THE  RELATION  BETWEEN  THE   AtOMIC   VOLUME    OP    DIP- 

VEBEirr  xetals,  and  their  Farahagnetic   and  Diahag- 

wnc   Fropebties.     By  P.    H.  Vanderwetde,   of   New 

York. 

When  we  divide  the  specific  gravity  of  an  elementary  snb- 
Btanoe  mto  its  atomic  weight,  we  obtain  a  quotient  which  has 
l)een  called  the  Atomic  Volume.    On  the  supposition  that  the 
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80  called  atomic  weights  represent  really  the  relative  weights 
of  the  atoms,  these  quotients  would  indicate  the  relative  dis- 
tances of  these  atoms.  It  has  been  observed  that  these  differ- 
ent quotients  lay  close  together,  so  that  a  group  of  some  sub- 
stances will  give  a  quotient  of  which  the  mean  is  about  S^, 
others  4^,  others  10,  and  others  20,  etc. ;  but  as  far  as  I  have 
been  able  to  ascertain  it  has  never  been  observed  that  there 
exists  a  most  remarkable  relation  between  these  quotients  and 
the  magnetic  properties  of  the  different  metals,  as  the  following 
table  shows : 


NAME 
OF  MBTAIiS. 


Cobalt. 

Iron. 

Chromium. 

Nickel. 

Manganese. 

Palladium. 

Platinum. 

Osmium. 

Alumium. 

Cadmium. 

Magnesium. 

♦Copper. 


SSSf 


Gold. 

Silver. 

Calcium. 

♦Mercury. 

Tin. 

Antimony. 

Bismuth. 

Sodium. 

Potassium. 


7.8 

7. 

8.8 

7.1 
11^ 
21.5 
81.4 

8.7 

1.74 

8.96 

1141ft 

10^ 

10.5 
IJiS 

i3.se 

7.29 

6.7 

9.9 

0.97 

0.86 


80 

28 

26.2 

29 

27 

03 

99 
100 

18.6 

66 

12 

68.4 
10S.5 
196 
108 

20 
200 
118 
120.8 
206 

28 

89 


8.58 
3.59 
8.74 
3.3 
8.80 
4.49) 
4J»7> 
4.68) 
5J5 
6.4 
7 

7.07 
9.12 
10.006 
104t 
12.6 
14J6 
16.17 
17.9 
21.22 
23.7 
46.35 


Paramagnetic  at  bright  white  heat. 

"  only  below  bright  red  heat. 

"  •«       «      di^  red  heat, 

ii  «f         <c       Q0O»F. 

M  U  If  ^O  Jp^ 

Paramagnetic  with  strong  eleotro^nagnets. 


Paramagnetic  with  strong  electro-magnets. 


Stronj^y  diamagnetio. 

Very  strongly  diamagnetio. 

Strongest  diamagnetio  metal  after  Faraday. 

Strongly  diamagnetio. 


OBSBBYATIONS. 

1.  The  five  so  called  magnetic  metals  give  us  the  smallest 
quotients  laying  all  beliween  3  and  4. 

2.  The  commonly  so  called  non-magnetic  metals  haye  all 
quotients  above  4. 

8.  Faraday  proved,  with  powerM  electro-magnets,  that  next 

to  the  five  so  called  magnetic  metals.  Palladium,  Hatinum  and 

Osmium  possess  the  strongest  paramagnetic  properties.    They 

have  in  the  above  list,  also,  the  next  smalle§;t  quotient  connected 

with  them  which  lay  between  4  and  5. 

♦I  have  doubled  the  atoms  of  Copper  and  Mercury,  only  to  reduce  the  fonnula 
of  their  lowest  oxides  to  that  of  the  other  metals  MO,  in  place  of  MsO.  For  the 
same  reason  we  must,  perhaps,  double  the  atoms  of  Lead  alao,  which  would 
double  its  quotient. 
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4.  In  tlie  same  way  that  diamagnetism  is  the  opposite  of 
paramagnetism,  the  larger  quotients  in  the  preceding  tahle 
belong  to  diamagnetic  bodies;  for  instance,  Mercury,  Anti- 
mony and  Bismuth.  The  last  is  the  strongest  diamagnetic 
substance  experimented  upon  by  Faraday,  and  x)ossesses  the 
largest  quotient  of  any  of  the  heavy  metals. 

5.  K  this  law  holds  also  for  the  light  metals,  Sodium  and 
Potassium  must  be  stUl  stronger  diamagnetics,  which  I  found 
in  so  far  yerified  by  experiment,  that  bars  of  these  metals  en- 
closed in  glass  tubes  were  found  to  be  strongly  diamagnetic. 
However,  they  have  not  yet  been  compared  with  Bismuth. 

6.  Of  the  five  magnetic  metals,  the  quotients  are  the  smallest 
for  those  which  are  the  most  permanently  magnetic,  even  at  a 
hig^  temperature  and  vice  veraaj  with  the  exception  of  Nickel. 

7.  As  cooling  increases,  by  contraction,  the  number  express- 
ing the  specific  gravity,  it  will  consequently  decrease  this  quo- 
tient, indicating  a  decrease  in  the  distance  of  the  atoms,  in 
peifect  accordance  with  the  fact  that  cooling  increases  the  para- 
magnetic properties. 

8.  K  we  were  able  to  cool  the  other  metals  so  as  to  increase 
their  specific  gravity  to  such  a  degree  as  to  have  a  decided 
effect  on  the  amount  of  this  quotient,  we  might  perhaps  suc- 
ceed in  discovering  in  more  of  them  paramagnetic  qualities,  by 
means  of  the  apparatus  used  by  Faraday. 

9.  As  inversely  heating  decreases,  by  expansion,  the  specific 
gravity,  it  wiU  increase  this  quotient,  in  accordance  to  the  fact 
Ihat  heat  diminishes  paramagnetism,  and  finally  destroys  it  in 
aU  metals  with  the  single  exception  of  Ck>balt,  which  has  a 
small  qnotient  and,  consequently,  can  stand  some  increase. 

10.  Heating  decreasing  the  paramagnetic  qualities  with  the 
specific  weight  and  the  quotient,  may  do  this  to  such  a  degree 
as  to  make  the  body  first  neutral  and  then  paramagnetic.  An 
instance  is  known  where  this  takes  place,  namely,  oxygen  gas : 
when  cool  it  is  paramagnetic  like  iron,  and  when  hot  diamag- 
netic bismuth. 

11.  That  this  relative  distance  of  atomd  (upon  which,  of 
course,  their  specific  gravity  depends,)  is  closely  related  to  their 
magnetism,  is  again  proved  by  the  crystals,  which,  being 
always  less  dense  in  the  direction  of  their  optical  axis,  and 
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expanding  by  heat  more  in  one  direction  than  in  another,  have 
been  proved  by  Pluecker  to  be  diamagnetic  in  the  direction  of 
their  optical  axis  or  longest  axis  of  crystallization.  In  some 
of  these  crystals  this  action  is  so  strong  that  they  are  influ- 
enced by  the  magnetism  of  the  earth;  as  for  instance,  a 
properly  cut  crystal  of  kyanite,  which  will  behave  like  a  com- 
pass needle  when  suspended  on  an  axis,  a  fact  also  mentioned 
by  Professor  Silliman  in  the  last  edition  of  his  excellent  text- 
book on  Physics. 

Attraction,  which  pervades  all  nature,  may  be  classified  in 
four  grades,  the  chemical  afiSnity  and  the  cohesion,  acting  at 
distances  infinitely  or  unmeasurably  small,  the  very  opposite  of 
gravitation,  acting  at  distances  infinitely  or  unmeasurably 
large.  We  may  also  distinguish  between  chemical  affinity  and 
wherein  the  last  may  be  overcome  by  mechanical  force,  which 
does  not  affect  chemical  combination.  Then  we  have  finally 
the  magnetic  attraction,  which  we  may  consider  as  the  cohesive 
force,  otherwise  confined  within  the  surfaces  limiting  the  body, 
manifesting  itself  outward  at  measurable  distances.  I  will  not 
occupy  the  time  of  the  Association  in  developing  this  idea, 
which  finds  a  strong  support  in  the  fact  that,  by  proper  electric 
currents,  two  pieces  of  iron,  for  instance,  may  be  made  to  ad- 
here with  a  power  as  if  they  were  one ;  and  I  will  only  remark 
that  the  magnetic  attraction  appears  to  be  the  connecting  link 
between  the  force  of  cohesion,  acting  at  infinitely  small  distan- 
ces, and  that  of  gravitation,  acting  at  infinitely  large  distances. 

We  know  that  heat  will  counteract  either  of  these  attrac- 
tions, chemical  afihiity  as  well  as  cohesion,  as  it  has  been 
proved  that,  at  a  sufficient  high  temperature,  all  bodies  are  not 
only  gaseous,  but  that  also  all  compounds  are  separated,  and 
their  constituents  reduced  to  their  elementary  condition ;  that 
magnetic  attractions  are  destroyed,  and  that  even  gravitation 
is  counteracted,  as  heat  will  enlarge  enormously  the  bulk  of  a 
celestial  body,  difihsing  its  constituent  parts  otherwise  kept 
together  by  gravitation.  This  last  idea,  or  rather  fact,  gave 
origin  to  Laplace's  ingenious  hypothesis,  that  the  whole  uni- 
verse was  once  in  a  nebular  heated  condition  which  by  cooling 
contracted.    The  modem  discoveries  in  regard  to  the  conser- 
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vation  of  forces,  have  modified  this  hypothesis  and  at  the  same 
time  elevated  it  into  a  theory,  and  we  hold  now  that  in  place 
of  the  nebular  matter  being  hot,  and  concentrated  by  cooling, 
it  was  cold  and  concentrated  by  gravitation,  coalescing  in 
different  centres  of  attraction,  the  motion  thus  produced  being 
at  its  partial  disappearance  in  these  centres,  converted  into 
heat.  Afterwards  this  heat  radiated  out  into  space,  in  the  form 
of  the  sunbeam  and  the  light  of  the  stars,  and  as  it  has  been 
proved  that  the  heat  and  light  of  our  sun  is  the  source  of  all 
life  and  motion  on  our  planet  (with  the  single  exception  of  the 
tidal  wave),  which  heat  of  the  sunbeam  again  owes  its  exist- 
ence to  the  primary  gravitation  which  once  caused  it  to  attain 
its  high  temperature,  we  may  safely  state  that  all  life  and 
motion  on  this  planet  is  nothing  but  gravitation  in  disguise. 

Gravitation  thus,  of  which  the  velocity  of  transmission 
surpasses  that  of  light,  being  literally  infinite  (astronomy 
proving  that  its  attraction  acts  instantaneously  at  any  dis- 
tance), becomes  a  fundamental  law  developing  itself  in  a  series 
of  consequences  of  the  utmost  diversity. 

I  do  not  wish  to  go  into  speculations  concerning  the  conclu- 
sions which  may  be  drawn  from  the  data  I  bring  before  you ; 
speculations  about  the  ultimate  composition  of  matter,  nature 
of  atoms,  the  manifestations  of  their  magnetic  attractions  or 
repulsions,  etc.  To  an  inquiring  mind  possessing  the  knowl- 
edge of  the  latest  investigations  in  cognate  branches  of 
research,  manifold  are  the  speculations  to  which  it  gives  rise, 
and  I  will  be  happy  if  others  more  able  than  myself,  will  also 
give  some  attention  to  the  subject  I  have  the  honor  of  bring- 
ing before  this  Association. 


8.  Thb  Steam  Boiijeb«    By  J.  A*  Muxeb,  of  New  York. 


nmtODnOTOET  HEMABES. 

To  oivc  a  general  idea  of  the  principles  I  wish  to  advance, 
I  win  represent  on  the  blackboard  a  flask,  partly  filled  with 
water,  over  a  gas  burner,  the  mouth  being  secured  with  a  stop- 
per.  As  soon  as  the  pressure  of  steam  in  the  interior  is  suffi- 
▲.▲.▲.  a.,  VOL.  xvtL        17 


130  A.   MATH£HATICS,   PHTSICS,   AKD  CHEinSTBT. 

cient  to  force  out  the  stopper,  not  only  is  all  the  steam  allowed 
to  escape,  but  the  greater  portion  of  the  water  is  forced  out. 
Now  this  is  a  regular  boiler  explosion, — not  very  disastrous; 
yet  I  have  made  the  same  experiment  with  a  similar  flask, 
strong  enough  to  stand  a  pressure  of  fifty  pounds  to  the  square 
inch,  on  which  I  placed  a  safety-valve,  so  arranged  that  it 
would  lift  suddenly  at  thirty  pounds  pressure.  After  placing 
the  same  over  a  fire,  an  assistant  and  myself  watched  the  oper- 
ation through  a  one-inch  hole  bored  through  a  board  placed 
before  us  for  safety.  A  few  seconds  after  the  flask  had  been 
fifteen  minutes  on  the  fire,  the  safety-valve  opened  entirely, 
a  powerftd  jet  of  steam  was  forced  out  of  the  opening,  and 
instantly  after  the  fiask  bursted  with  a  loud  report,  shatter- 
ing every  pane  of  glass  in  the  windows,  and  destroying  the 
plastering  of  the  ceiling.  The  time  between  the  two  explo- 
sions was  infinitely  short,  and  seemed  to  me  just  sufilcient  to 
force  the  water  against  the  upper  part  of  the  flask,  when  the 
whole  was  shattered  into  fragments. 

K  we  place  into  the  first  flask  a  cone,  and  divide  the  water 
into  a  thin  film  near  the  heating  surface  and  a  larger  body 
of  water  not  exposed  to  heat;  and  then  place  a  little  pow- 
dered amber  in  the  water,  we  find,  on  placing  the  flask  on 
the  burner,  that  the  cone  of  glass  is  heated  first,  and  thereby 
heats  the  water  in  contact  with  the  same.  But  a  large  portion 
of  the  heat  passes  through,  or  rather  is  radicated  from  the 
inner  surface  of  the  fiask,  which  rays  being  intercepted  by  the 
shield,  heat  the  same,  and  we  have  a  thin  film  of  water  in 
contact  with  two  heating  surfaces.  This  water  soon  becomes 
warm]  and,  of  a  consequence,  lighter ;  it  is,  therefore,  forced 
upward  by  the  cooler  and  heavier  water  in  the  larger  space, 
hereby  producing  circulation  of  the  water  at  first,  as  will  be 
observed  by  the  particles  of  amber  slowly,  yet  rapidly,  in- 
creasing as  the  heat  increases.  You  will  also  observe  that  as 
the  water  in  the  larger  space  moves  but  slowly,  the  amber  is 
gradually  deposited  in  the  pocket  formed  by  the  shield,  and  no 
deposit  can  collect  near  or  on  the  heating  surface,  thereby 
always,  and  with  any  kind  of  water,  keeping  the  heating  surface 
clean  and  efficient.  Soon  the  pressure  will  be  sufilcient  to  force 
out  the  stopper.    Now,  what  is  the  result?    The  stopper  is  out, 
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and  all  the  water  above  the  shield  is  hanging  in  drops  on  the 
ceiling-  Why  not  the  water  below  the  shield,  nor  even  below 
the  top  line  of  the  same?  Simply  because  it  contains  no 
steam,  bnt  mere  solid  water ;  whereas,  in  the  first  experiment, 
there  was  as  much  steam,  balk  for  bulk,  in  the  water  as  in  the 
steam  space. 

Now,  the  third  flask  is  essentially  like  the  first  and  second, 
only  the  shield  is  carried  up  to  or  a  Uttle  above  the  water  line. 
When  we  place  it  on  the  gas  burner  the  whole  heat  is  concen- 
trated on  the  thin  film  of  water  between  the  flask  and  the 
shield.  The  steam  is  at  once  carried  into  the  steam  space,  not 
by  any  exertion  or  force  of  its  own,  but  by  the  superior  weight 
of  the  cooler  water.  We  first  get  the  steam  at  first  cost.  Sec- 
ond, we  have  a  rapid  absorption  of  the  heat.  Third,  a  perfect 
guarantee  that  water  is  always  in  contact  with  the  heating  sur- 
face. Fourth,  we  have  a  circulation  of  water  exactly  propor- 
tioned to  the  amount  of  heat  given  up  to  the  surface,  thereby 
ensuring  always,  and  under  all  circumstances,  a  uniform  tem- 
.  perature  in  the  boiler  plate,  no  matter  what  the  heat  of  the  fire, 
and  can  have  no  burning  out  of  the  same.  We  have  no  deposit, 
but  on  the  contrary,  under  all  circumstances,  a  bright  surface 
exposed  to  the  fire.  And  last,  we  have  a  perfect,  simple  and 
natural  reservoir  for  the  collection  of  any  mineral,  vegetable 
or  saline  deposits,  or  imptuities,  contained  in  the  water.  Ob- 
serve well  when  now  the  stopper  is  forced  out.  I  shall  hold 
my  hands  over  the  opening,  for  as  no  water  can  be  forced  out, 
the  steam  being  on  top  there  is  nothing  to  scald  me, — an  ex- 
periment I  should  not  like  to  perform  in  the  first  instance. 
The  stopper  is  out,  the  steam  has  not  scalded  my  hands,  and, 
as  you  will  easily  perceive,  the  water  line  is  not  the  least 
altered. 

This,  Mr.  President  and  Gentlemen,  is  the  principle  I  claim, 
and  which  I  incorporate  into  all  improvements  in  steam  boilers. 


The  true  end,  aim,  and  object  of  science  is  the  carefhl  inves- 
tigation of  all  things  that  to  the  mass  of  mankind  are  myste- 
rious and  unaccountable.  Science  is  never  satisfied  to  merely 
know  a  thing  is,  but  is  ever  searching  for  the  cause.  Millions 
of  men  had  seen  apples  fall  before  Newton  proved  to  the 


132  A.  liATHEMATIGS,   PBTSIOS,  AKD  CHBKUTBT. 

world  the  cause;  nor  is  the  scientific  mind  ever  satisfied 
with  the  simple  knowledge  of  effect  produced,  but  labors 
unceasingly  to  discover  the  laws  or  causes  which  produce  these 
effects. 

A  family  in  Germany  dies  after  eating  ham.  They  were  in 
ordinary  health,  and  their  death  could  not  be  explained  by  or* 
dinary  known  causes.  The  facts  in  the  case  are  hardly  stated, 
when  hundreds  of  scientific  men,  setting  aside  all  other  occq^ 
pations,  concentrate  their  minds  on  the  investigation  of  the 
true  cause  which  produced  this  effect ;  and  the  result  is  the  dis* 
covery  of  a  Microscopic  Parasite  as  the  cause  of  death,  and 
also  that  a  temperature  of  180^  removes  this  cause,  and  renders 
the  food  harmless. 

It  is  this  thirst  for  positive  knowledge  that  leads  men  to 
brave  the  frosts  of  the  Arctic  Ocean,  and  the  burning  sands  of 
Africa :  it  is  this  that  caused  Faraday  to  leave  his  laboratory 
and  cross  two  oceans  to  investigate  the  Greysers  of  Iceland ; 
and  in  this  investigation,  not  only  did  he  discover  the  laws 
which  govern  these  periodical  discharges  of  large  masses  of. 
water,  but  he  showed  us  one  of  the  main  causes  of  steam  boiler 
explosions. 

The  steam  boiler,  as  the  source  of  power  for  the  steam  en* 
gine,  has  become  as  necessary  to  man  as  the  elements.  With- 
out it  this  convention  of  men  devoted  to  science,  from  all  sec- 
tions of  this  vast  continent,  could  not  have  been  held.  None 
could  have  spared  the  time,  nor  endured  the  fatigue  of  the 
journey ;  nay,  even  this  "  Empire  City  of  the  West,"  which  has 
so  hospitably  received  us,  and  opened  to  our  enjoyment  her 
magnificent  hotels,  public  and  private  buildings,  would  not, 
could  not,  have  existed  without  its  aid. 

Invaluable  as  this  power  is  to  man,  it  would  be  more  so  if 
positively,  absolutely  safe,  which  is  not  the  case.  Yet  who 
doubts  that  it  can  be  made  so,  as  safe  as  a  water-wheel? 

We  have  seen  how  soon  science  discovered  the  cause  of  the 
death  of  the  Grerman  family,  and  instantly  showed  a  safe  and 
simple  remedy.  Let  the  scientific  men  of  our  time  as  carefhlly 
and  persistently  investigate  the  steam  boiler,  and  the  true  cause 
of  danger  once  discovered,  the  remedy  will  be  at  hand.  But 
to  arrive  at  the  true  cause  nothing  must  be  left  to  meritorious 
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conjecture.  All  actions  of  heat  and  water  mxiBt  be  carefully 
investigated,  and  remedies  based  on  authenticated  fads. 

The  ablest  docoment  ever  presented  to  the  scientific  world 
on  this  subject,  was  the  Report  of  a  Committee  of  the  Frank- 
lin Institnte  of  Philadelphia,  by  the  honored  and  lamented 
member  of  Uiis  Association,  the  late  Alexander  Dallas  Bache. 
This  report  has  done  much  to  prevent  the  reckless  use  of  steam 
boilers,  and  to  it  we  owe  the  passage  by  Congress  of  the  laws 
for  the  inspection  of  steam  boilers.  Yet,  even  these  laws, 
stringent  as  they  are,  have  not  reached  the  whole  case.  Daily, 
widows  and  orphans  lament  the  loss  of  some  dear  one  sacri- 
ficed to  this  insatiable  Moloch.  The  field  is  therefore  still 
open,  and  strict,  carefhl,  and  patient  investigation  still  a  duty. 

For  this  purpose  I  would  lay  before  you  the  result  of  inves- 
tigations carried  on  during  several  years,  and  under  the  most 
favorable  circumstances,  having  over  200  steam  boilers  under 
personal  supervision,  boilers  constructed  under  every  principle 
and  of  every  form. 

The  reliable  causes  of  explosions  may  be  summed  up  as 
follows :  — 

ist.  Gradually  increasing  pressure. 

2d.  Sudden  increase  of  pressure  by  exposed  highly  heated 
snr&ces. 

dd.  Incrustation. 

4th.  Sudden  contraction  and  expansion  of  metal. 

The  more  mysterious  causes  assigned,  such  as  decomposi- 
tion, creation  of  explosive  gases,  electricity,  &c.,  we  will  not 
here  consider,  since  they  are  purely  speculative. 

Referring  to  the  above  well  known  and  reliable  causes,  the 
first,  '^Gradually  increasii^  pressure,"  seems  at  first  sight  to 
be  easOy  disposed  of  by  first  testing  the  strength  of  the  boiler, 
and  then  providing  a  properly  proportioned  safety-valve.  Yet 
such  is  not  really  the  case,  and  a  close  inspection  will  distinctly 
•how  the  reason. 

Before  us  we  have  a  number  of  drawings  of  boilers  shown  in 
section.* 

No.  1,  ^ows  a  boiler  filled  with  water  heated  to  nearly 
212^.  When  we  first  apply  heat  no  perceptible  change  takes 
•Hmm  dlasnau  w€ve  ezbfliiled  al  the  mtetfiif . 
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place,  except  that  the  temperature  is  gradually  increased,  or 
in  other  words,  the  water  is  gradually  heated  until  the  entire 
mass  is  at  212®  under  ordinary  atmospheric  pressure.  When 
this  condition  is  reached,  we  may  do  either  one  of  two  opposite 
things,  and  produce  the  same  result,  viz. :  we  may  add  more 
heat  to  the  water  and  produce  ebullition,  or  we  may  relieve  the 
atmospheric  pressure  by  means  of  the  air  pump,  which  pro- 
duces the  same  result.  Both  will  expel  a  portion  of  the  steam 
contained  in  the  water.  Now  if  a  fire  is  maintained  under  the 
boiler,  the  steam  generated  accumulates  in  the  steam  space  and 
gradually  increases  the  pressure  on  the  water,  which  pressure 
in  its  turn  prevents  ebullition,  until  more  heat  is  added ;  as, 
therefore,  the  pressure  increases  so  will  the  temperature  in- 
crease likewise. 

Now  whatever  the  pressure,  ebullition  cannot  take  place 
until  the  pressure  of  steam  in  the  water  is  in  excess  of  the 
pressure  of  the  steam  in  the  steam  space,  for  the  steam  in  the 
water  must  force  its  way  through  a  medium  813  times  more 
dense  than  the  steam  itself,  and  subjected  to  the  pressure  of 
the  steam  in  the  steam  space,  nor  is  even  this  all ;  for  the  steam 
formed  near  the  boiler  iron  must  expand.  When  it  reaches  the 
water  surface  it  occupies  a  space  some  1700  times  greater  than 
it  did  when  it  was  water.  It  is  self  evident,  therefore,  that  a 
much  larger  quantity  of  steam  is  actually  contained  in  the 
water  itself,  than  in  the  steam  space.  Remembering  this  fact, 
let  us  now  open  the  safety-valve  suddenly,  and  what  is  the 
result?  a  sudden  relief  of  pressure,  a  violent  rising  of  water 
under  the  safety-valve,  and  a  sudden  supply  of  steam  from  the 
body  of  the  water.  If,  now,  we  have  exposed  flues,  or  highly 
heated  metal,  with  which  the  steam  can  come  in  contact,  we 
wiU  have  such  a  development  of  force  as  no  steam  boiler  can 
withstand,  and  a  sudden  rupture  of  the  weakest  part  of  the 
boiler  is  the  unavoidable  result.  Now  a  rupture  of  any 
part  of  the  boiler  ought  to  have  the  same  effect  as  the  action 
of  the  safety-valve;  for  the  common  cry  is,  "that  safety- 
valves  are  not  of  sufficient  area  to  allow  the  free  escape  of 
steam ;  whereas,  a  rupture  is  generally  amply  large,  and  yet 
in  truth,  the  effects  are  precisely  the  same.  When  a  boiler 
bursts,  all  the  water  is  converted  into  steam,  not  purely  dry 
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steam,  bnt  steam  mixed  with  minutely  divided  particles  of 
water. 

The  immense  force  exerted  by  the  explosion  of  a  boiler  is 
looked  npon  by  many  as  so  stupendous  that  they  cannot  con- 
oeive  of  the  possibility  that  simple  steam  can  produce  such 
lesQlts;  and  even  theories  which  assume  formation  of  explo- 
me  gases,  ignited  by  some  mysterious  cause,  are  favorably 
received. 

Anxipus  to  obtain  some  reliable  data  regarding  the  actual 
power  stored  in  a  steam  boiler,  I  made  the  following  experi- 
ment. 

Selecting  four  boilers,  favorably  located  and  well  set,  ar- 
ranged with  proper  dampers,  and  well  covered  so  as  to  retain 
the  heat,  I  had  the  steam  increased  to  one  hundred  pounds  per 
square  inch  above  the  atmospheric  pressure.  Steam  was  then 
admitted  to  a  Corliss  Steam  Engine,  which  operated  six  ma- 
chines, which  as  it  was  carefblly  ascertained,  consumed  150 
horse-power.  After  running  the  engine  for  one  hour  the  con- 
ditions were  as  follows : 

IVessure  of  steam  one  hundred  pounds,  and  three  gauges  of 
water.  The  dampers  were  then  carefully  closed,  the  fires 
drawn,  and  the  engine  started.  At  first  a  high  grade  of 
expansion  was  used,  gradually  decreasing  until  in  forty  nine 
minutes  the  steam  followed  nearly  the  whole  stroke,  or  in 
other  words,  nearly  an  entire  cylinder  fVQl  of  steam  was  used 
during  each  stroke  of  the  piston.  We  then  stopped  two  of  the 
machines,  working  twenty  seven  minutes ;  throwing  off  two 
more  machines  we  worked  them  nineteen  minutes,  when  the 
engine  stopped,  with  a  steam  pressure  in  the  boiler  of  twenty 
three  pounds.  Water  line,  between  the  second  and  lower 
gauge.  This  gives  us  a  power  of  150  horses  for  forty  nine 
mmntes,  one  hundred  for  twenty  seven  minutes,  and  fifty 
horse-power  for  nineteen  minutes. 

When  we  now  consider,  first,  that  in  case  of  an  explosion, 
the  whole  of  this  force  would  have  been  exerted  in  an  instant, 
or  say  one  second,  we  find  that  the  pow^  exerted  would  have 
been  equal  to  660000  horses,  and  when  we  remember  the  power 
lost  in  the  engine  and  that  still  remaining  in  the  boiler,  1 000- 
000  horse-power  would  not  be  oveiTating  the  actual  result.    So 
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stupendous  is  this  power  that  the  human  mind  can  scarcely 
conceive  its  immensity.  Now,  when  such  is  the  power  con- 
tained in  a  steam  boiler,  what  need  have  we  for  looking  for  any 
solution  in  the  mysterious  working  of  the  electric  fluid,  or  pro- 
duction of  explosive  gases?  The  power  stored  in  the  water 
is  much  more  than  sufllcient  to  produce  the  worst  and  most 
disastrous  effects. 

To  illustrate  the  action  of  the  steam  and  water  when  the 
safety-valve  is  suddenly  opened,  I  have  drawn  a  line  in  the 
section  of  the  boiler  in  which  a  simple  perforated  pipe  is 
shown,  which  pipe  should  be  used  on  all  boilers ;  first,  as  a 
"  dry  pipe,"  and  also  to  distribute  the  relief  of  pressure  over 
the  whole  surface  of  the  water  level,  for  it  is  well  known  that 
when  the  water  has  been  at  rest,  the  starting  of  the  engine,  or 
the  opening  of  the  safety-valve,  is  the  time  at  which  most 
explosions  take  place. 

Incrustration  is  the  worst  enemy  of  the  steam  boiler,  fbr  in 
all  cases  it  is  a  poor  conductor  of  heat,  and  by  preventing  the 
contact  of  the  water  with  the  boiler  plates  the  latter  become 
overheated  and  consequently  rapidly  destroyed ;  particularly  as 
the  concave  form  of  our  boilers  causes  the  collection  of  sedi- 
ment in  the  lowest  point,  and  as  this  is  the  portion  of  the 
boiler  that  is  directly  over  the  fire  the  iron  is  soon  destroyed : 
.entire  plates  become  overheated;  the  expansion  causes  the 
scale  to  break,  when  water  comes  in  contact  with  highly 
heated,  burned  and  weakened  metal;  sudden  formation  of 
steam  is  caused,  sudden  increase  of  pressure  follows,  causing 
rupture,  and  with  it  all  the  disastrous  consequences  of  explo- 
sion. 

Having  thus  pointed  out  the  true  causes  of  boiler  explosions, 
the  next  step  is  to  point  out  the  remedy,  and  to  do  this  let  us 
return  to  the  water  in  the  boiler. 

When  we  take  a  vessel  containing  milk,  syrup  or  any  other 
fluid  and  place  the  same  over  the  fire,  we  find  that  soon  after 
boiling  commences  the  liquid  foams  and  is  in  danger  of  '^  boil- 
ing over,"  as  it  is  called.  If  we  then  stir  the  liquid  large 
volumes  of  steam  are  set  free,  and  boiling  instantly  ceases. 
Now  what  we  here  do  is  simply  by  mechanical  means  assist 
the  steam  contained  in  the  liquid  to  escape.    If  we  take  a 
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Teesel  in  which  liquid  is  violently  boiling  and  pour  the  con- 
tents slowly  into  another  vessel,  we  produce^the  same  effect 
by  allowing  the  steam  to  escape.  If  we  place  diaphragms  in  a 
boiler  we  produce  a  similar  effect  by  creating  currents  circu- 
lating upwards  over  the  edge  of  the  diaphragm,  caused  by  the 
difference  in  the  specific  gravity  of  '^  Water  filled  with  steam" 
and  water  without  steam.  Then,  if  we  go  still  farther,  and 
provide  an  "eddy"  where  the  water  can  be  comparatively 
quiet,  we  shall  also  provide  for  the  collection  of  sediment  in 
po<^et  surrounded  by  water  and  not  in  contact  with  the  fire,  as 
shown  in  this  drawing. 

The  results  are,  first,  that  all  steam  as  soon  as  generated 
enters  at  once  into  the  steam  space,  and  that  the  sediment 
being  located  in  a  pocket  away  from  the  heating  surface,  the 
water  haying  at  all  times  free  access  to  the  same,  making  any 
OYerbeating  of  the  plates  an  imposmhUUy,  We  have  in, fact, 
steam,  water  and  sediment,  aU  in  their  proper  positions ;  we 
have  a  bright  and  efficient  heating  surface,  rapid  absorption  of 
the  corresponding  equal  distribution  of  temperature,  and  a  safe 
and  efficient  steam  boiler. 

Circulating  of  water  in  steam  boilers  has  been  frequently 
attempted,  and  one  of  these  attempts,  from  which  immense 
results  were  anticipated,  is  illustrated  in  figure  1,  of  this  dia- 
gram. This  is  known  as  the  '^  i^erkins  Boiler."  It  was  the  cause 
of  an  able  paper  by  the  late  Professor  Bache,  in  which  he  niost 
conclusively  shows,  that  no  matter  how  desirable  the  circula- 
tion of  water  in  steam  boilers  is,  the  Perkins  boiler,  designed 
especially  to  this  end,  may  lay  no  claim  whatever  to  its  bene- 
fits. 

Circulation  of  water  depends  upon  the  difference  in  weight 
of  two  columns,  the  lighter  being  displaced  by  the  heavier,  so 
tbat  to  produce  the  same,  we  must  have  one  column  exposed  to 
beat  to  make  it  lighter,  whereas  the  other  column  must  be 
separated  or  protected  from  heat,  so  that  in  nowise  will  its 
descent  be  prevented.  A  glance  at  the  drawing  shows  that  in 
the  Perkins  boiler  no  such  effect  could  be  produced.  First,  if 
we  consider  the  central  column  as  ascending,  being  exposed 
to  the  most  intense  heat  of  the  fire,  we  also  recognize  the  fact 
Uiat  the  annular  space  cannot  permit  the  free  descent  of  the 
18 
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water  as  that  also  is  exposed  to  heat,  and  in  both  the  lAteral 
and  annular  spaces  steam  is  constantly  formed,  and  the  intro- 
daction  of  the  diaphragm  retards  rather  than  accelerates  the 
production  of  steam.  Professor  Bache  says,  *^  that  the  intro- 
duction of  the  cylinder  or  diaphragm  caused  violent  foaming, 
so  much  so,  that  he  was  compelled  to  affix  a  fiinnel-shaped 
cylinder  to  the  top  of  the  vessel  to  prevent  the  water  from 
being  forced  over  its  sides/' 

Now  this  violent  foaming  is  the  direct  result  of  the  division 
of  the  water,  by  which  steam  formed  at  the  bottom,  rising 
rapidly  and  expanding,  carries  solid  water  with  it.  That  under 
such  circumstances  a  certain  quantity  of  ftiel  cannot  evaporate 
as  much  water,  is  evident  from  the  fact  that  heat  being  power, 
all  power  lost  in  forcing  the  steam  through  the  water  is  so 
much  heat  wasted. 

This  other  boiler,  in  which  the  desired  conditions  are  proved, 
shows  plainly  where  the  Perkins  boiler /ai2ed,  and  how  a  perfect 
circulation  of  the  water  may  be  obtained,  causing  a  rapid  up- 
ward and  a  slow  downward  current,  and  provision  also  made 
for  the  collection  of  impurities  below  the  line  of  fire.  That 
the  two  systems  differ  in  the  most  essential  points,  is  apparent, 
as  well  as  that  one  fully  accomplishes  what  the  other  merely 
attempted. 

In  conclusion  I  would  lay  down  a  positive  law  for  the  con- 
struction of  steam  boilers,  which  under  all  circumstances  must 
be  absolutely  free  from  disastrous  explosions. 

1st.  A  steam  boiler  should  be  constructed  of  the  largest 
practical  number  of  units,  so  that  the  giving  way  of  one  of 
them  under  excessive  pressure,  relieves  the  whole. 

2d.  Each  unit  must  constitute  in  itself  a  complete  steam 
boiler,  having  its  water  space  exposed  to  the  fire,  its  steam 
space  above  the  fire,  and  a  receptacle  for  the  collection  of  sedi- 
ment below  the  influence  of  the  fire. 

dd.  All  heating  surface  must  be  vertical,  or  nearly  so,  at  or 
nearly  at  right  angles  to  the  line  of  fire. 

4th.  Free  and  perfect  circulation  of  the  water  must  be 
secured  by  having  thin  films  of  water  exposed  to  the  heat, 
ascending,  and  large  waterspaoes  not  exposed  to  the  heat 
descending,  thereby  also  securing  perfect  separation  of  steam 
from  the  water. 
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Steam  boilers  oonstrocted  on  these  principles  will,  in  the 
hinds  of  even  the  most  inexperienced  persons,  be  free  from 
danger,  and  at  the  same  time  insure  the  highest  economy  in 
fliel. 

The  daOj  recoiring  loss  of  life,  the  destruction  of  property, 
the  insecurity  of  trayel,  together  with  the  daily  increasing 
Bmnber  of  steam  boilers,  must  be  my  apology  for  occupying  so 
much  Tslnable  time.  If,  by  my  labor  of  years  in  investigating 
this  subject,  I  may  be  instrumental  in  saving  but  one  human 
hfe,  my  labor  will  not  have  been  in  vain. 


9.  Ok  the  Heliostat,  and  Method  <^f  bunking  true  or 
Mebtoian  Lines.  By  Michael  McDermott,  Civil  Engi- 
neer and  City  Surveyor  of  Chicago. 

Tms  instrument  consists  of  a  mirror,  pole,  Jacob's-staff  or 
Bteel  rod,  and  a  brass  ring  with  cross  wires.  The  annexed  fig- 
ures represent  one  used  by  me  for  some  time,  which  has  been 
made  for  me  by  Mr.  Ejratzenstein  of  Chicago,  and  cost  but 
nine  dollars. 


'fi 


Ti 


The  mirror  (M)  is  of  the  best  French  mirror  material,  8| 
inches  in  diameter,  set  in  a  brass  bronzed  frame  or  ring,  4^" 
OQter,  and  3i"  inner  diameter,  and  ^  of  an  inch  thick.  This 
minor  is  set  into  a  semi-circular  ring  ^"  thick,  leaving  a  space 
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between  it  and  the  ring  of  -^  of  an  inch.  Both  are  connected 
by  two  screws,  one  of  which  is  a  clamping  screw.  The  semi- 
circular,  or  outer  part,  is  attached  to  a  circular  piece  of  the 
same  dimensions  as  the  outer  piece,  1^"  long,  and  being  part 
of  an  axis  9  J"  long,  into  which  there  is  a  groover  to  receive  the 
clamping  screw  from  the  tube  or  socket.  This  piece  is  marked 
S  on  figure. 

The  socket  or  tube  is  8"  long,  i"  inner  •diameter,  having  two 
clamping  screws,  one  to  clamp  the  whole  apparatus  to  the 
JacobVstaff,  or  rod,  and  the  other  to  allow  the  mirror  to  be 
turned  in  any  direction.  By  these  three  clamping  screws  the 
instrument  can  be  raised  and  turned  in  any  direction.  The 
back  of  the  mirror  is  lined  with  brass,  in  the  centre  of  which 
there  is  a  small  hole,  opposite  lo  which  the  foil  is  removed  from 
the  glass.  A  pole  is  set  near  the  station  to  be  observed  so  that 
the  centre  of  a  brass  ring  (R)  will  be  over  it.  This  ring  is  to 
be  a  little  less  than  the  diameter  of  the  mirror,  and  so  made  as 
to  have  a  piece  of  steel  wire,  2"  long,  attached  to  it,  by  which 
it  can  be  fastened  to  the  side  of  a  pole  which  has  several  holes 
at  four  or  six  inches  apart.  The  mirror  is  now  set  on  the 
Jacob's-staff  about  forty  feet  behind  the  pole  at  station  A,  and 
making  the  heliostat  and  pole  approximately  in  direction  of 
station  B,  where  the  observer  is  ready  to  take  an  angle  to  A, 
and  also  provided  with  another  heliostat.  The  ring  is  adjusted 
to  the  pole,  and  the  centre  of  the  mirror  and  that  of  the  ring 
set  as  near  as  may  be  in  direction  of  B.  The  assistant  at 
station  A  makes  the  concentrated  rays  of  the  sun  pass 
through  the  ring  about  ten  minutes  of  time.  If  he  does  not 
receive  a  return  flash  from  B,  he  changes  the  ring  higher  or 
lower  and  gives  other  flashes,  and  so  continue  till  B  returns  a 
flash,  then  from  B's  flash  A  is  able  to  adjust  his  heliostat  more 
accurately.  By  a  preconcerted  code  of  signals  B  orders  A  to 
proceed  to  the  next  given  trigonometrical  station,  and  so  con- 
tinue. 

The  heliostat  and  pouch  now  exhibited  weigh  but  8J 
pounds. 

A  mirror  of  four  inches  will  be  seen  forty  miles,  and  one  of 
eight  to  ten  inches  one  hundred  miles,  where  the  stations  will 
be  sufficiently  elevated. 
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MEBIDIAN  LINES. 

AH  surveyors  know  that  to  reestablish  a  lost  line  by  means 
of  the  magnetic  needle  is  impossible,  as  the  annual  ^ind  daily 
variations,  combined  with  local  causes,  are  obstacles  too  difficult 
to  overcome.  In  Canada,  magnetic  surveys  are  not  legal. 
There  the  bearings  of  aU  lines  are  determined  astronomically, 
and  consequently  can  be  easily  established  at  any  f\iture  time 
with  the  vimost  cuxuracy. 

In  this  country  the  lines  are  supposed  (since  1805),  in  the 
Western  States  to  run  North  and  South,  and  the  lines  running 
East  and  West  to  close  within  a  limited  number  of  links  on 
the  North  and  South  lines.  Howeyer,  owing  to  various  causes^ 
the  lines  are  found  twisted  out  of  position.  Here,  in  order  to 
locate  a  lin^,  we  must  have  its  extreme  points  or  comers, 
whereas  in  Canada  one  point  is  sufficient. 

The  present  method  of  making  surveys  is  very  wrong  and 
expensive,  and  is  the  cause  of  thousands  of  law  suits  respect- 
ing boundary  lines.  Let  the  surveyors  only  know  that  the 
Sapreme  Courts  of  many  of  our  States  have  decided  that  where 
the  lines  in  a  deed  are  giv^  South,  North,  East  or  West,  such 
lines  must  be  run  due  North  or  South.  This  is  plainly  laid 
down  in  Section  2  of  the  act  of  11th  Feb.,  1805.  (See  United 
States  Statutes  at  large.  Vol.  U,  p.  313.)  Hence  appears  the 
necessity  of  taking  the  true  bearing  of  every  line  astronomi- 
cally, or  by  referring  it  to  some  near  line  whose  true  bearing 
has  been  found. 

In  the  Northern  Hemisphere  the  stars  in  Ursa-minoris  give 
ns  an  opportunity  of  taking  the  meridian  several  times  during 
the  night. 

It  has  been  generally  supposed  by  surveyors,  that  when 
Polaris  and  Alioth  in  Ursa-majoris  are  on  the  same  vertical 
plane  or  line,  that  then  Polaris  is  on  the  meridian ;  but  such  is 
not  the  case. 

In  Chicago,  latitude  41**  50'  30'',  on  the  first  of  January, 
1867,  the  bearing  of  Polaris,  when  vertical  with  Alioth,  was 
North  0°  10'  21"  East.  (See  McDermott's  Civil  Engineer  and 
Surveyors'  Manual,  sec.  385,  for  method  of  calculation.)  For 
a  table  showing  the  azimuth  of  Polaris  when  in  the  above  posi- 
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tion,  in  latitudes  2**  to  70'',  and  for  the  years  1870,  1880,  1890, 
1900,  1910,  1920,  1930  and  1940,  see  his  table  XXIV. 

In  the  Southern  Hemisphere  there  is  no  bright  star  near  the 
South  Pole.  I  have  calculated  the  greatest  azimuths  of  Sigma 
in  Octantis,  a  star  of  the  sixth  magnitude,  from  latitude  1^  to 
70**,  and  for  Polar  distances  40'-45'  and  50'.  Although  the 
great  Creator  has  not  given  any  bright  star  near  the  South 
Pole,  He  has  given  Alpha  in  Crucis,  and  Beta  in  Hydri ;  the 
former  in  the  foot  of  the  cross,  the  latter  in  the  tail  of  the 
serpent,  and  so  situated  that,  when  they  are  on  the  same  ver- 
tical plane,  the  bearing  of  Alpha  Crucis  is  very  small,  and  its 
annual  variation  a  mere  nothing.  For  example  I  give  part  of 
my  table  XXV. 


LAT. 

12* 
14 

80 

9a 

TBAB0. 

1850 

r.M" 

1.12 
Ac. 

I'.ir 

1.15 

1900 

1.16" 
1.15 
Ao. 
I'.ir 
1.18 

1950 

I'.ir 

1.80 
Ao. 

i'.a5" 

1.86 

8000 

1.43" 

1.43 

Ao. 

1'.48" 

8050 

8'.15" 
8.16 
Ac. 

8'.ao" 

2.88 

2100 

2' .58" 
S.OO 
Ac. 
8'.6" 
8.8 

8150 

S'.53'' 

Ac. 

4'.2" 
4.4 

AzimnthSi  or  bearings  aU  SonUi 
east  of  the  meridian. 

From  this  it  appears  that  in  latitude  12^  it  will  require  fifty 
years  to  make  a  change  of  three  seconds  of  a  degree  in  azi- 
muth ;  also  a  change  of  10^  in  latitude  to  make  the  same  small 
difference.  The  placing  of  these  two  bright  stars  could  not  be 
the  work  of  chance  or  accident,  but  that  the  cross,  the  emblem 
of  and  guide  to  salvation,  should  be  an  infallible  guide  in  Sur- 
veying and  Navigation,  and  there  placed  by  the  Great  Omnipo- 
tent Architect,  as  the  most  perfect  guide  now  known. 

Table  XXIY  in  McDermott's  Manual  shows  the  azimuths  of 
Polaris  when  vertical  with  Alioth  in  Ursa-majoris  for  1870,  and 
for  every  ten  years  after  till  1940,  and  for  every  2**  of  lati- 
tude ftom  the  equator  to  latitude  40,  and  then  for  every  degree 
ttom  40*^  to  70^ 


EXABfFLE  IN  BBABmOS  ALL  NOBTH-EAST. 


40 
41 
42 
48 


DATS. 

1870        1880 


10'.26''      ll'.22W 
10.84       UJa 
10  44       11 .42 
10  J» 11.58 


Nearly  a  chance  of  one  minnte  of  a  degree  in  tan 
years,  and  abont  ten  seconds  in  a  change  of  1"  of  lat- 
itude. 
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Time  of  certain  North  circmnpolar  stars  being  at  their  great- 
est azimuths,  or  elongations  from  the  meridian,  on  the  first  of 
Janoaiy,  1867,  and  of  Polaris  and  Alioth  in  Ursa-majons  being 
vertical  with  one  another. 


TIMB. 

Alplim  Una-mlnoriB  (Polaria;, 
BeU             "          (KochaH 

East  of  the  Meridian. 

h.in. 

West 

M 

II 

1.10 

Beu  I>raco]ii8, 

u 

K 

II 

1.48 

GaiDA     «• 

ft 

II 

II 

2.  8 

AlpfaA  CaMlopMB, 
Zeia  Ursa-minoriB 

East 

U 

«l 

S.18 

West 

II 

41 

2.23 

£p8ilon     " 

If 

II 

<l 

S.48 

Delta         " 

« 

II 

II 

6.19 

rolaris,TertScal 
Alpha  Cephi, 
Gama     ♦' 

withAUoth, 

6.  5 

West  of  the 

II 

II 

6.88 
10.2 

Phi  Una-]i]A}ori8, 

East 

II 

11 

10.84 

Alpha      " 
PoWis, 

ft 

11 

II 

12.  2 

West 

II 

II 

12.21 

Beta  Una-mhioriB, 

East 

« 

II 

Iff.  4 

EnaUon    ;; 

it 
ti 

•1 
U 

II 
II 

1S.48 
16.48 

PhiUnariniaoriB, 

West 

II 

II 

17.15 

Delta       <* 

East 

II 

II 

17.48 

BetaDraooBiB, 

It 

K 

u 

19.87 

Gama      *• 

i< 

II 

20.10 

Gama  Una-miOoiiB, 

West 

II 

II 

20.24 

Alpha         " 

II 

K 

II 

20.21 

Alpha  Cephi, 
Gama     *' 

East 
II 

II 
II 

II 
II 

22.25 

28.38 

The  above  is  to  the  nearest  minute ;  but  in  the  table  it  is 
given  to  seconds;  also  the  meridian  passage  and  time  to 
greatest  azimuth. 

In  this  method  an  error  in  the  latitude  of  half  a  degree 
would  be  about  one-half  a  minute  in  azimuth  of  Polaris  in  lati- 
tnde  41**.  But  as  the  latitude  can  be  taken  with  little  delay, 
there  need  be  no  cause  of  any  sensible  error,  and  lines  can  be 
run  much  closer  than  now.  I  calculate  the  time  from  the  meri- 
dian passage  to  the  greatest  elongation  of  the  star,  and  its  alti- 
tude when  at  that  position.  This  requires  to  have  the  true 
time,  which  I  find  by  a  new  method,  as  follows : 

I  calculate  the  time  to  or  from  the  meridian  passage  to  the 
greatest  elongation  reduced  to  the  sidereal  time  of  station, 
which  reduce  to  mean  time.  I  next  find  the  true  altitude  of 
the  star  when  at  its  greatest  azimuth,  to  which  add  the  correc- 
tion for  refraction  from  my  table  XVII.  I  take  the  tempera- 
ture of  the  thermometer  and  approximate  that  of  the  barome- 
ter, which  ranges  in  clear  weather  from  29^  to  80.  I  add  this 
correction  for  refraction,  to  find  the  apparent  altitude.  I  ob- 
serve when  the  star  is  at  this  altitude  and  compare  it  with  the 
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calculated  time,  and  thus  correct  mine,  by  which  I  am  able 
to  know  the  precise  time  of  the  required  star  being  at  its 
greatest  azimuth,  and  having  the  altitude  as  a  check,  there  can 
be  no  method  to  give  greater  accuracy. 

To  find  the  greatest  azimuth  »Rad.  10 -|- Sin  Polar  Dis- 
tance, less  COS.  Lat.  =  sine  of  greatest  azimuth. 

Altitude  at  greatest  azimuth  =«  Sin.  Lat.  +  10,  less  cos.  Polar 
Distance  »=  sine  of  the  altitude. 

To  find  the  time  from  meridian  passage  to  the  greatest  azi- 
muth. Tan.  polar  dist.-|-tan.  Lat.,  less  10, » cos.  hour  angle 
in  space  which  change  into  time,  gives  the  sidereal  time.  (Po- 
laris and  Alioth  are  always  on  opposite  sides  of  the  pole.) 

Jn  taking  the  bearing  of  a  line  we  have  on  the  object  end  of 
our  telescope  a  reflector  made  thus : — a  piece  of  sheet  brass  i' 
wide  is  made  to  fit  the  telescope,  as  A.  C  is  made  with  an 
elliptical  hole  and  fastened  to  A,  making  an  angle  of  about  45^. 
There  is  a  space  between  A  and  C  about  ^".  This  is  put  on 
the  telescope.  The  assistant  holds  a  lamp  by  which  the  light 
can  be  thrown  on  the  surface  C  dround  the  hole,  and  regulated 
without  the  least  difllculty.  We  observe  the  star  in  the  re- 
quired position,  lower  the  telescope  and  make  a  permanent 
mark  in  that  direction,  'about  ten  chains  in  advance.  Then  we 
drive  a  picket  with  its  top  finely  pointed,  or  a  stake  and  nail, 
to  be  used  on  the  ne3ct  day  on  which  we  set  off  the  angle  re- 
quired by  the  instrument,  by  repeating  it  two  or  three  times ; 
or  we  measure  the  distance  from  the  instrument  to  the  picket 
and  there  set  off  the  tangent  f\i  the  required  angle,  thus  insur- 
ing the  greatest  accuracy.  Or  let  us  suppose  the  angle  to  be 
set  off=  11°  43'.  We  set  off  the  11°  and  measure  ten  chains, 
calculate  the  tangents  of  43',  and  set  it  off  with  a  foot  rule. 
Hence,  if  we  set  this  small  tangent  off  at  twenty  chains  from 
the  stake,  we  can  run  a  distance  of  six  miles  to  an  inchj  by 
using  fine  pointed  pickets  whose  tops  are  set  in  range.  I  find 
whitewashed  laths  excellent.  At  the  station  or  picket  in  ad- 
vance we  use  a  steel  rod  five  feet  long,  on  the  top  of  which  is  a 
disk  of  sheet  iron  or  pasteboard,  behind  which  our  assistant 
holds  his  lamp  till  we  see  the  light  at  the  point  or  apex  of  the 
disk.  The  open  space  in  disk  is  one  inch  at  bottom,  three 
inches  high,  and  coming  to  a  point.  At  the  top  a  tube  is  at- 
tached to  fit  the  rod. 
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10.  On  the  Principles  of  Statistics  as  applied  to  the 
Census.  By  Franklin  B.  Hough,  of  Lowville,  N.  Y., 
JSuperintendent  of  the  New  York  State  Census  o/.1855  and 
1865. 

The  near  approach  of  the  period  fixed  by  our  Constitution 
for  another  National  census  will  justify,  at  this  time,  a  careful 
consideration  of  the  methods  hitherto  employed  in  making 
enumerations  of  this  kind,  and  some  of  the  details  of  organiza- 
tion that  should  be  considered,  in  order  that  the  results  may 
be  such  as  may  command  the  public  confidence. 

I  do  not  propose  to  undertake  an  historical  review  of  census 
systems,  nor  do  I  deem  it  necessary  to  present  arguments  to 
proye  that  unless  the  inquiries  of  the  census  are  carefully  and 
judiciously  arranged,  and  thoroughly  and  uniformly  reported, 
the  deductions  therefrom  will  be  comparatively  worthless,  and 
even  less  trusty  than  mere  estimates  founded  upon  general  ob- 
servation. 

It  may  be  proper,  in  passing,  to  notice  the  fact,  that  although 
returns  of  population  more  or  less  accurate  had  been  previ- 
ously made  through  government  agencies,  the  United  States 
was  the  first  country  in  modem  times  that  provided  for  a  pre- 
dse  and  AiU  return  of  the  number  of  its  inhabitants  at  decen- 
nial periods.  The  necessity  of  an  exact  basis  upon  which 
representation  could  be  equalized,  led  to  the  provision  requir- 
ing that  ^^  within  three  years  after  the  first  meeting  of  the  Con- 
gress of  the  United  States,  and  within  every  subsequent  term  of 
ten  years,"  an  actual  enumeration  of  the  population  should  be 
made  in  such  manner  as  the  law  might  direct.  Under  this  au- 
thority we  have  had  eight  returns,  commencing  with  1790. 

In  Great  Britain,  the  first  regular  census  was  taken  in  1801, 
and  in  each  succeeding  year  whose  unit  figure  is  1,  a  f\ill  cen- 
sus has  been  reported.  In  France,  a  census  was  taken  in  1801, 
1806,  1821,  and  has  been  continued  at  intervals  of  five  years 
since.  The  custom  has  since  been  adopted  in  most  European 
countries,  in  many  European  colonies,  and  in  several  of  the 
States  of  our  Union.* 

*  or  the  thfaty-seren  Btotes,  all  bnt  flye  haye  a  daase  in  th«ir  Constltatloiis 
requiring'  or  permitting  a  census.   Of  these,  twentjreight  take  a  census  at  Interyals 
of  ten  jean ;  one  In  eight ;  one  in  seven ;  one  in  six ;  and  one  in  Arom  fonr  to  elj^t 
A.  A.  A.  8.  VOL.  XVn.  19 
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The  oldest  provision  for  a  stated  census,  by  State  aathority, 
is  found  in  Pennsylvania  in  1776  and  New  York  in  1777, 
where,  under  the  first  Constitutions  a  septennial  return  of  the 
classes  re(!>resented  was  provided  for.  Since  1825  the  census 
of  New  York  has  been  at  ten-year  intervals,  and  for  the 
last  two  periods  (1855  and  1865)  the  schedules  of  inquiry 
have  been  more  extended,  and  the  deductions  more  thorough 
and  systematic,  than  any  hitherto  published  by  State  authority. 
As  these  two  returns  were  made  under  my  direction  in  eveiy 
stage  of  progress,  from  the  preparation  of  blanks  to  the  distri- 
bution of  the  printed  volumes,  I  shall  have  repeated  occasion 
to  refer  to  the  operations  and  methods  there  employed,  and  to 
state  some  of  the  results  of  experience  derived  from  these 
labors. 

It  will  be  convenient  to  notice  our  subject  under  three  prin- 
cipal heads,  viz. : 

1st.  As  to  the  time  fixed  or  allowed  for  making  the  enumera- 
tion. 

2d.  As  to  the  blanks  used,  and  subjects  of  inquiry. 

3d.  As  to  the  agencies  employed,  and  mode  of  compensa- 
tion. 

(1.)  The  earlier  American  census  returns  had  no  fixed  point 
of  time  to  which  they  referred,  being  taken  on  a  given  year. 
The  first  four  census  returns  under  the  present  National  Con- 
stitution, were  made  with  reference  to  August  1st.  The  last 
four  with  reference  to  June  1st  of  the  census  year.  They 
are  now  returnable  on  or  before'  the  first  of  November.  In 
New  York  it  is  also  taken  with  reference  to  the  first  of  June, 
and  one  month  is  allowed.  In  Wisconsin,*  from  the  same  day, 
and  two  months  are  allowed ;  and  in  mest  of  the  other  States, 
where  a  census  is  taken,  the  time  fixed  is  the  first  of  Jun^  or 
first  of  July. 

The  British  census  of  1861  was  taken  on  the  8th  of  April, 
and  referred  to  the  population  on  the  night  of  April  7th.  Two 
or  three  previous  returns  in  that  kingdom  were  made  also  on  a 
single  day,  but  at  diflTerent  periods  of  the  year.    A  want  of 

years.  Bat  a  censue  ie  not  actaally  taken  in  eyery  State  whose  Constitntion  says  It 
may  be  done.  In  eighteen  States,  the  results  of  the  National  census  become  the 
basis  of  State  eqaallzation  for  their  Legislatures.  In  Arkansas  this  will  be  done  in 
1860  and  after.- 
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nnifonnity  in  this  regard  is  much  to  be  regretted;  and  the 
summer  season  has  this  grave  objection,  that  many  persons, 
especially  those  in  easy  circumstances,  are  then  temporarily 
away  from  their  proper  homes.  It  is  probable  that  no  date 
conld  be  selected  preferable  to  January  1,  or  at  least  early 
in  that  month,  could  other  details  be  arranged  properly.  At 
this  period  of  the  year  most  families  are  together,  and  the  re- 
sults of  the  year  previous  are  most  easily  obtained.  Business 
accounts  are  then  usually  posted,  and  the  earnings  of  fields  and 
Jhctories  are  fully  known.  More  than  all  this,  it  is  a  season  of 
leisure,  and  with  proper  announcements  through  the  press,  peo- 
ple would  be  able  to  prepare  answers  in  readiness  when  called 
for.  The  adverse  reasons  against  this  time  of  year  would  be 
inclement  weather  and  short  days.  The  first  of  March  would 
be  the  date  next  preferable,  as  the  days  are  then  of  average 
length  people  are  at  home,  the  removals  of  residence  have  gen- 
erally not  been  made,  and  it  is  a  time  of  leisure  with  farmers. 

In  the  British  census  as  now  taken,  in  several  of  the  English 
colonies,  and  in  some  countries  of  Continental  Europe,  the 
censufi  is  taken  in  a  single  day,  by  immensely  increasing  the 
number  of  agents  employed  as  Enumerators,  and  careftdly  pre- 
paring for  the  labor  of  that  day.  The  only  instance  of  an  at- 
tempt to  thus  shorten  the  time  for  taking  a  census  in  this 
country,  was  in  a  census  of  the  District  of  Columbia  on  the 
11th  of  November  last,  taken  under  the  auspices  of  the  Depart- 
ment of  Education,  by  authority  of  Congress,  and  of  the  local 
authorities.  In  this  instance,  through  the  agency  of  the  Met- 
ropolitan Police,  a  most  thorough  and  satisfactory  result  was 
obtained.  A  large  majority  of  the  returns  were  made  on  the 
first  day,  and  the  whote  within  four  or  five  days  from  the  one 
appointed,  and  so  far  as  I  have  been  able  to  ascertain,  no  cen- 
sus has  ever  yet  been  attempted  where  the  last  returns  did  not 
linger  behind  the  period  fixed  by  law  for  final  completion. 

In  the  highly  and  justly  praised  census  of  Great  Britain, 
and  with  the  facilities  afforded  by  a  well  organized  Registra- 
tion system,  the  first  preliminary  statement  of  results  were  not 
laid  before  Parliament  until  two  months  after  the  census  day. 

It  ^y  for  obvious  reasons,  desirable  to  lessen  the  period  of 
enumeration  as  inuch  as  possible,  by  a  carefUl  arrangement  of 
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nearly  equal  districts ;  but  it  should  never  be  forgotten  that 
this  wide  distribution  of  appointments  also  increases  the 
chances  of  incompetent  Enumerators,  more  especially  where 
the  whole  system  must  be  extemporized  for  the  occasion,  as  in 
the  United  States,  and  where  so  wide  a  diversity  of  subdivi- 
sions prevails  in  the  different  States.  The  township  system  in 
one,  counties  only  in  another,  and  the  great  range  of  subdivi- 
sions found  in  cities  and  wards,  boroughs,  precincts,  parishes, 
districts,  etc.,  presents  a  problem  ftiU  of  diflSlculties  when  at- 
tempting to  adopt  one  plan  of  subdivision  adapted  to  all.  It  is 
worthy  of  remark,  that  our  system  of  public  surveys  and  sec- 
tional subdivisions  in  the  newer  portions  of  our  Union,  afford 
precise  and  convenient  designations  for  census  districts. 

(2.)  As  to  the  blanks  used  and  the  subjects  of  inquiry.  We 
may  classify  the  schedules  hitherto  employed  in  the  census  as 
follows : 

1st.  General  blanks  for  family  names. 

2d.    General  blanks  for  individual  names. 

3d.    Householder's  schedules. 

4th.  Special  blanks. 

The  earliest  blanks  used  in  taking  the  census  allowed  one 
horizontal  line  for  a  family,  and  the  several  columns  were 
arranged  for  entering  the  number  of  persons  in  each,  and  such 
limited  information  relative  to  color,  sex,  age,  occupation,  etc., 
as  this  crude  method  would  allow.  It  is  obvious  that  no 
deductions  concerning  age,  place  of  birth,  occupation  etc., 
could  be  attempted  from  these  returns,  except  so  far  as  pro- 
vided for  by  separate  columns,  and  that  in  order,  in  the  re- 
motest degree,  to  approach  the  standard  of  modem  science  in 
these  details,  the  blank  would  need  an  immense  horizontal  ex- 
tent. In  fact,  the  United  States  census  of  1840,  the  last  one 
attempted  by  our  government  on  this  plan,  provided  headings 
extending  through  several  yards  of  columns  for  entering  these 
varied  items,  and  finally  obtained  but  a  crude  result  at  last.* 
In  several  of  the  States,  as  in  Michigan,  Wisconsin,  etc.,  this 
primitive  method  is  still  practiced. 

•The  blanks  of  1840,  actuallj  contained  serenty-two  columns  fbr  personal  in- 
quiry, thirty  for  mines,  twenty-seven  fbr  aspicuUure,  four  for  horticulture,  eleyen 
for  commerce  (including  "  butchers  ")>  seven  for  fisheries,  six  for  products  of  the 
forest,  and  one  hundred  and  twenty-eight  for  manuflictures.  Total  285.  Allowing 
half  an  inch  of  width  as  an  average,  it  would  reach  nearly  across  twelve  feet  of  space. 
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(2.)  Chneral  blanks  for  individual  names.  This  greatly  im- 
proTed  plan  of  arrangement  employed  in  1850  and  1860  by  the 
Federal  Government,  and  now  commonly  adopted,  provides  a 
horizontal  line  across  the  sheet  for  each  name  in  every  family. 
In  the  varions  columns,  are  entered  the  specific  sex,  color,  age, 
dvil  condition,  place  of  birth,  occnpation,  etc.,  of  the  person 
as  given  by  a  member  of  the  family  to  the  Enumerator.  The 
adoption  of  this  plan  constituted  a  prominent  era  in  the  histoiy 
of  statistics;  and  the  student  of  social  science,  or  political 
economy,  who  attempts  to  obtain  comparable  and  satisfactory 
data  of  earlier  periods,  will  find  nothing  but  uncertain  and 
general  statements.  The  answers  being  reported  in  precise 
terms,  allows  this  form  of  blank  every  degree  of  perfection 
that  can  be  conceived  of  or  desired  in  a  census. 

(8.)  Householders  schedules.  This  form  of  blank,  like  the 
last,  is  arranged  for  entering  the  details  relative  to  each  indi- 
vidual, but  is  limited  in  size  to  the  wants  of  single  families,  is 
left  to  be  filled  out  by  the  head  of  each  family,  to  be  delivered 
on  the  day  appointed  for  the  census  to  the  persons  serving  as 
Enumerators,  and  should  contain  printed  instructions,  with  ex- 
amples of  filling  up  adapted  to  common  understanding.  It  is 
the  form  used  in  the  census  of  Great  Britain,  and  most  British 
colonies,  and  the  kind  used  in  the  census  of  the  District  of 
Columbia  already  noticed. 

(4.)  Special  blanks^  adapted  to  particular  inquiries,  and 
varied  to  meet  the  peculiar  nature  of  the  subject  to  which  they 
apply.  These  blanks  were  first  employed  on  an  extensive  plan 
in  the  census  of  New  York,  in  1865,  and  with  great  success. 
They  were  of  twelve  varieties,  and  applied  to  the  most  com- 
mon and  generally  distributed  manufactories  and  institutions, 
concerning  which  details  were  required. 

With  reference  to  the  inquiries  that  should  be  included  in  a 
census,  an  unfortunate  tendency  has  prevailed  of  loading  the 
columns  with  questions  upon  a  wide  range  of  subjects,  by 
which  the  attention  of  the  Enumerators  has  been  distracted, 
and  their  labors  prolonged ;  and  there  can  be  no  question  but 
that  the  accuracy  of  results  has  been  seriously  impaired  from 
this  cause. 

The  British  census  is  a  return  of  the  population  and  nothing 
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else.  The  people  are  reported  in  the  varied  conditions  of  sex, 
color,  age,  nativity,  civil  condition,  occupation,  religion,  etc., 
but  the  products  of  agriculture  and  manufactores,  the  statistics 
of  churches,  schools,  newspapers,  public  institutions,  etc.,  are 
left  to  be  ascertained  by  other  methods  of  inquiry,  and  are  veiy 
fidly  set  forth  in  their  proper  place.  But  with  us  all  these  and 
more  are  crowded  into  the  decennial  census;  but  in  a  vast 
number  of  instances  but  partially  returned  or  wholly  over- 
looked. While  there  may  yet,  for  a  season,  be  good  reasons 
for  retaining  these  questions,  the  tendency  should  be  to  gradu- 
ally find  other  agencies  to  which  to  refer  all  extraneous  labors. 
Under  this  view,  in  arranging  the  blanks  of  the  New  York  cen- 
sus of  1855  and  1865, 1  left  statistics  of  schools  and  academies 
to  the  Department  of  Public  Instruction,  and  the  Regents  of 
the  University;  the  carrying  trade  to  the  existing  agencies 
of  the  Canal  and  Railroad  systems ;  of  insurance  and  banking 
to  their  proper  Departments ;  and  of  incorporated  institutions 
to  the  stated  means  of  report  provided  in  their  charters. 

With  reference  to  the  personal  census,  the  blanks  to  be  com- 
plete should  embrace  every  name,  with  a  precise  return  of 
color,  sex,  age  in  nearest  years,  or  if  under  one  year  in  months ; 
civil  condition,  county  and  State,  or  particular  country  where 
bom,  occupation  or  means  of  support,  whether  a  voter  or  an 
alien,  whether  deaf  and  dumb,  blind,  insane  or  idiots,  with  in- 
dications of  the  causes  if  known,  and  degree  of  education,  at 
least  so  far  as  whether  able  to  read  or  write.  It  should  also 
return  orphans  under  fifteen  years  of  age,  and  shotUd  not 
attempt  to  get,  by  personal  inquiry,  any  statistics  as  to  pauper- 
ism or  crime.  These  relate  to  disreputable  classes,  usually  so 
considered,  and  attempts  at  concealment  would  impair  results. 
Get  these  facts  if  desired,  from  ofllcial  records,  and  these  only. 

I  have  observed  that  the  people  will  generally  answer  the  in- 
quiries of  the  census  cheerfiilly,  fiilly  and  correctly,  if  they 
understand  them.  Exceptions  to  this  rule  are  only  Ibund 
where  the  consequences  of  the  return  may  affect  the  personal 
liability  of  the  informant.  The  last  census  of  New  York  for 
1865,  and  of  other  States  for  the  same  year,  were  impaired  in 
value  by  evasive  answers  relative  to  ages  of  males,  through  the 
fear  of  a  military  draft;   and  had  the  war  continued  a  few 
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weeks  loiter,  it  would  have  been  allx^ether  impossible  to  make 
the  enmneratioii,  notwithstanding  the  imperative  terms  of  the 
Constitation.  The  inqniries  concerning  ages  and  nativities, 
which  the  censos  includes,  are  too  nearly  like  military  enrol- 
ments to  be  distingoished  by  the  common  classes  in  times  of 
war,  and  resistance  against  the  unsupported  labors  of  the  Enu- 
meratoiB  would  surely  attend  their  efforts.  But  in  times  of 
peace  I  apprehend  that  evasion  or  refhsal  may  be  considered 
so  rare  as  to  scarcely  impair  the  general  accuracy  of  results. 
Happily  we  have  no  cause  of  trouble  in  this  regard  in  pros- 
pect, and  with  growing  intelligence  among  the  people  the  jeal- 
ousies alluded  to  will  pass  away. 

With  reference  to  agricultural  statistics,  the  ideal  of  perfec- 
tion is  realized  in  the  French  cadastral  surveys,  in  which  the 
soil,  its  contour,  and  the  uses  to  which  it  is  annually  applied 
may  be  known.  With  us  we  can  only  hope  to  realize  trust- 
worthy results  through  a  well  organized  system  of  State  and 
county  agricultural  societies,  reporting  to  a  central  Department, 
and  provided  with  authority  and  means  for  obtaining  axmual 
statements  of  cultivation  and  products.  One  competent  man 
in  every  school  district  could  be  found  willing,  for  a  small  sum, 
to  devote  a  day  or  two  to  this  labor.  The  experiment  has  been 
tried  by  the  New  York  State  Agricultural  Society,  but,  except 
in  oases  where  particular  efforts  were  made,  it  proved  a  dead 
fidlure,  and  for  the  best  of  reasons :  it  paid  nothing  for  the 
labor,  and  had  no  penalties  for  neglect.  Even  the  long  delayed 
volume  of  Transactions  promised  to  all  who  reported,  was  re- 
ceived by  but  few ;  and  the  attempt  has  been  nearly  or  quite 
abandoned. 

A  passing  word  with  reference  to  blanks  for  agricultural  sta- 
tistics: — They  have  usually  been  on  large  sheets  with  separate 
columns  for  each  of  the  principal  crops ;  their  area  and  quanti- 
ties, number  and  value  of  domestic  animals  kept  for  farm 
purposes,  and  sometimes  blanks  for  unenumerated  crops  or 
products.     To  be  in  the  least  degree  complete,  these  columns 
were  necessarily  multiplied  greatly,  and  in  the  New  York  cen- 
sus of  1865  extended  to  121  in  number.    The  answers  to  these 
inquiries  were  necessarily  given  in  a  hurried  manner  and  by 
general  estimates  in  most  cases.     Consider,  for  a  moment,  the 


152  A.   MATHEMATICS,   FHTSICS,   AND   CHEMISTRT. 

superior  advantage  of  using  a  sheet  not  larger  than  a  letter 
page,  to  be  left  with  the  farmer  to  be  filled  by  him  at  his 
leisure,  and  called  for  a  day  or  two  afterwards.  On  the  face 
of  this  sheet  there  should  be  a  printed  form  with  name  of  per- 
son reporting,  the  town,  county  or  district,  number  of  acres 
improved  and  unimproved,  estimated  cash  value  of  land  and 
of  buildings,  and  then  a  blank  sufficiently  wide  to  enter  for 
each  crop  the  acres  sown  and  bushels  harvested,  and  cash 
value,  with  blanks  for  entering  the  nimiber  and  value  of  farm 
stock,  and  any  farther  information  that  might  be  required.  On 
the  back  of  the  blank  could  be  printed  faHL  instructions,  and 
an  example  of  filling  up. 

I  believe  that  in  most  instances  such  a  blank  would  be  cheer- 
fhlly  and  careMly  filled  up  by  the  farmers  themselves,  and  that 
the  saving  of  time  would  overpay  the  extra  cost.  In  conden- 
sing these  blanks  for  publication,  the  quantities  and  values 
would  need  to  be  posted  off  into  columns ;  but  this,  under  the 
discipline  of  a  well  ordered  office,  would  be  rapidly  and  cor^ 
rectly  done,  and  the  colunms  thus  prepared  would  be  added 
with  much  less  trouble  than  the  straggling,  crooked,  and  often 
defective  columns  of  the  present  census  blank. 

As  to  manufacturing  statistics,  the  official  returns  of  our 
revenue  system  are  supposed  to  give  accurate  data  of  some. 
The  associated  interest  of  manufacturers  of  iron,  leather,  lum- 
ber, etc.,  have,  in  some  instances,  led  to  inquiries  and  reports 
embracing  more  systematic  and  accurate  statements  than  can 
ever  be  obtained  through  the  agencies  of  a  census ;  and  we  be- 
lieve that  there  is  more  hope  of  improvement  in  the  voluntary 
efforts  of  the  parties  interested  in  knowing  the  extent  and  dis- 
tribution of  their  own  particular  branches  of  industry,  than  in 
anything  that  can  be  gained  through  a  census.  Instead  of 
the  general  blanks  hitherto  chiefly  used,  special  blanks,  on  the 
plan  of  those  used  in  New  York  in  1865,  might  be  employed 
to  great  advantage,  and  for  other  branches  not  thus  provided 
for,  a  sheet  of  printed  forms  and  instructions  analogous  to  that 
suggested  for  agriculture  might  be  employed. 

But  until  some  better  disposition  can  be  made  of  the  statis- 
tics of  agriculture  and  manufactures,  they  must  be  carried  by 
the  census  as  best  may  be.    With  suitable  penalties  for  neglect 
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or  relhsal  to  answer,  and  sufficient  intelligence  to  understand 
that  there  is  no  taxation  behind  them,  the  question  is  simply 
one  of  time  and  expense. 

As  to  personal  returns,  the  changes  wrought  by  the  recent 
war  require  that  certain  inquiries  should  be  made  with  refer- 
ence to  the  conditions  of  those  made  free  by  the  success  of  the 
Union  arms.  By  a  single  narrow  column  we  could  designate, 
opposite  the  name  of  every  colored  person,  whether  free  before 
the  war  or  freed  by  the  war.  There  should  also  be  an  inquiry, 
applicable  to  all  classes  and  everywhere,  as  to  civil  condition, 
and  whether  voter  or  alien.  The  census  of  the  District  of  Co- 
lumbia of  November  last  had  columns  to  designate  the  ances- 
try or  parentage  of  each  person ;  years  resident  in  the  Dis- 
trict ;  whether  permanent  residence  was  intended ;  whether  an 
owner  or  renter  of  real  estate  in  the  District ;  whether  in  the 
employment  of  the  United  States ;  and  if  so,  whether  civil,  mili- 
tary or  naval ;  name  of  school  and  months  attending  (if  a 
scholar)  during  the  past  year ;  and  the  number  of  orphans,  in 
addition  to  the  usual  questions  of  the  census. 

A  characteristic  feature  of  the  English  census  is  an  inquiry 
relative  to  the  religious  creed  or  faith  of  individuals,  and  this 
has  been  copied  in  Canada,  Nova  Scotia  and  other  colonies. 
But  in  this  country  I  would  consider  such  a  question  as  quite 
out  of  place  in  a  census,  and  that  the  least  approach  to  the 
delicate  subjects  of  religious  faith  or  political  creed  should  be. 
entirely  excluded  from  the  schedules ;  and  still  more,  that  the 
agents  employed  should  be  instructed  to  avoid  even  the  ap- 
pearance of  seeking  information  upon  these  subjects,  in  which 
it  is  the  high  privilege  of  the  American  citizen  to  hold  his  own 
opinions,  and  his  reasons  therefor,  exempt  from  inquiry,  and 
free  from  accountability.* 

The  concurrent  experience  of  all  who  have  had  the  charge 

of   census   labors  would   doubtless   confirm   this   statement, 

tiiat  no  attempt  should  be  made  by  the  Enumerators  to  sum  up 

or  classify  their  own  labors,  unless  in  a  general  total  of  per- 

*  since  this  paper  was  read,  a  census  of  the  city  of  Baltimore  was  attempted  on 
tbe  plan  o£  Hoosebolders'  Scliedules.  Bat  an  nnfortonate  question  as  to  "  Reli- 
gion," mined  the  whole.  The  returns  are  said  to  have  brought  in  more  tlian  sixty 
thousand  short  of  the  real  population.  The  work  was  thrown  away,  and  a  new 
enumeration  on  the  rudest  plan  of  primitive  inquiry  as  to  numbers,  without  any 
bUmks  of  any  kind  besides  common  pass  books  for  totals,  was  substituted. 
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sons,  for  early  announcement  of  proximate  results.  In  the 
earlier  returns  of  New  York  the  footings  by  towns  were  re- 
ported to  the  county  clerk,  who  prepared  a  table  for  his  county 
and  forwarded  this  to  the  Secretary  of  State  for  publication. 
The  work  thus  came  together  finished,  but  so  full  of  discrep- 
ancies as  to  justify  the  most  positive  belief  in  errors,  while 
there  existed  no  means  of  correcting  them. 

We  now  come  to  notice  the  agencies  employed  and  mode  of 
compensation.  In  England,  as  already  noticed,  the  system  of 
registration  of  births,  deaths  and  marriages,  constantly  or- 
ganized and  in  operation,  and  kindred  in  purposes,  affords  a 
valuable  medium  for  census  purposes.  Of  registrar's  districts 
in  1861,  in  England  and  Wales,  there  were  634.  These  were 
divided  into  2194  subdistricts,  and  these  again  into  30329 
enumeration  districts.  In  the  first  two  of  these  there  were 
permanent  oflScers  who  knew  their  districts,  and  the  proper  per- 
sons to  employ,  and  who  could  lay  out  the  enumeration  dis- 
tricts carefully,  and  very  nearly  equal  in  amount  of  labors  to 
be  done.  In  towns,  200  houses,  and  in  rural  districts  fifteen 
miles  of  travel  were  assigned  to  each  person ;  and  special  pro- 
vision was  made  for  reporting  those  living  on  vessels ;  the  ab- 
sent marine ;  the  royal  navy,  and  persons  employed  in  navi- 
gating the  inland  waters  of  the  kingdom. 

Our  experience  of  the  householder's  schedule  and  one-day 
system  in  the  District  of  Columbia  was  not  strictly  based  upon 
an  equal  division  of  territory,  as  in  most  cases  the  members  of 
police  took  the  census  of  their  customary  patrol  beats.  These 
were  smaller  around  the  centres  of  trade  and  travel,  and  near 
markets,  theatres  etc.,  than  in  the  quiet  and  respectable  quar- 
ters of  the  better  classes  of  inhabitants ;  and  their  attention 
was,  in  some  instances,  partially  devoted  to  other  duties.  They 
were,  however,  able  very  readily  to  collect  blanks  from  200 
houses  in  a  day.  But  in  the  thinly  settled  country  outside  of 
the  cities,  although  our  men  were  mounted,  their  labors  lin- 
gered longer,  and  were  more  difllcult  than  in  densely  settled 
localities.  I  would  think  ten  miles  a  day  sufiScient  for  one 
man  to  do  thoroughly,  where  he  had  only  to  collect  the  blanks 
previously  distributed.  In  New  York,  we  had  1 744  Enumera- 
tors in  1855,  and  2832  in  1865,  besides  those  appointed  to  In- 
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dian  reservations.  Their  labors  varied  from  100  to  10000; 
and  when  all  the  data  were  written  by  the  agent  at  the  time  of 
his  visit,  if  he  reported  300  names  he  did  a  full  dajr's  work. 
This  is  on  the  supposition  of  a  concurrence  of  favorable  cir- 
camstances ;  a  dense  population  of  the  common  or  lower 
classes,  with  no  time  lost  in  travel,  and  none  in  delay.  It 
would  require  but  little  experience  to  ascertain  that  at  least 
^Ye  times  as  many  persons  could  be  reported  in  one  day,  in  a 
dense  crowded  quarter  than  in  a  fashionable  street,  where 
delays  at  the  door — the  master  at  his  business — the  lady  at 
her  fashionable  calls — "not  at  home" — "call  again,"  and  a 
dozen  other  excuses,  delay  the  work  of  enumeration.  But 
where  Agricultural  or  Industrial  statistics  also  require  atten- 
tion, the  work  is  farther  delayed.  On  a  general  average 
probably  fifty  or  sixty  names  would  be  found  a  day's  work. 

In  some  of  the  States  the  census  is  reported  by  the  assess- 
ors. I  consider  this  highly  objectionable,  because  it  associates 
with  the  enumeration  a  suspicion  of  taxation,  which  will  tend 
to  impair  the  result.  It  is  a  well  established  principle  in 
this  class  of  statistics,  that  the  inquiries,  by  whomever  and 
however  made,  should  be  as  much  as  possible  independent,  and 
understood  to  be  only  as  a  measure  undertaken  for  procuring 
correct  information  for  the  general  purposes  of  government. 
Hence  the  proposition  for  the  employment  of  Internal  Revenue 
Officers  for  taking  the  census  is  of  all  others,  the  most  objec- 
tionable. These  officials  have  hitherto  never  made  a  call  to 
ask  a  question,  unless  it  was  soon  foUaioed  by  a  tax.  Evasion 
and  concealment  would  be  the  inevitable  result. 

In  the  general  government  the  agents  have  been  hitherto 
employed  under  the  marshals  of  the  District  Courts,  and  have 
been  usually  called  "  Census  Marshals."  But  the  memory  of 
"  Provost  Marshals "  has  made  the  term  so  suspicious  in  the 
minds  of  the  masses  of  our  population  that  a  change  is  impera- 
tive. The  term  "  Enumerators"  has  been  in  many  cases  used, 
and  as  it  correctly  describes  the  duties  of  the  office  it  should 
hereafter  be  employed. 

Two  modes  of  payment  have  hitherto  been  adopted.  In 
most  of  our  State  and  local  census  systems  a  per  diem  allow- 
ance, fixed  by  law  and  sustained  by  affidavits  of  service,  has 
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been  given  fh>m  the  State  or  connty  treasuries,  npon  the  audit 
of  supervisors  or  other  financial  ofQcers.  In  New  York,  as 
now  fixed  by  law,  Enumerators  are  allowed  $3.00  a  day  for 
the  time  actually  and  necessarily  employed  in  taking  the  cen- 
sus and  making  one  copy.  .  The  duplicate  copy,  reported  to 
the  Secretary  of  State,  was,  in  most  cases,  neatly  and  hand- 
somely prepared,  and  often  by  a  female  hand.  Payment  is 
made  to  depend  upon  acceptance  at  the  central  ofilce ;  and  this 
fact  proved  of  the  highest  value  by  impressing  an  abiding 
sense  of  responsibility  upon  all,  while  it  afforded  a  convenient 
means  of  enforcing  attention  to  the  revision  of  errors  and  the 
filling  of  omissions. 

In  the  general  census,  a  per  capita  rate  is  allowed  for  popula- 
tion returns,  a  specific  rate  for  each  manufactory,  and  for  areas 
of  agricultural  districts  reported. 

It  is  but  too  well  known  that  shameM  frauds  have  been  hith- 
erto practiced  under  this  method,  where  fictitious  names  could 
be  multiplied  in  the  large  cities  and  in  densely  settled  localities, 
with  very  little  risk  of  detection,  and  it  is  suspected  that  an 
effort  to  secure  unjust  claims  to  representation  in  Congress, 
may  have  been  connected  with  these  frauds.  Viewed  in  evei^y 
light,  the  per  capita  plan  of  payment,  appears  to  me  more  ob- 
jectionable than  a  fixed  allowance  for  the  time  employed. 

But  of  all  contrivances  for  covering  fraud,  under  the  cloak 
of  science,  the  law  of  1850  (still  in  force  until  changed),  re- 
lating to  the  pay  for  mileage  is  the  most  ingenious.  It  gives 
ten  cents  a  mile,  to  be  ascertained  ''by  multiplying  the  square 
root  of  the  number  of  dwellings  by  the  square  root  of  the 
number  of  square  miles  in  a  district."  Let  us  examine  the 
operation  of  this  highly  ''learned"  method : 

Of  the  series, 1,  4,  9,  16,  85,  100,  10000,  1000000,  eto. 

The  sqaare  roots  are,  .       .       .       .       1,  8,  8,    4,   ff,    10,      100,       1000,  etc. 

in  which  it  is  apparent,  that  the  relative  proportion  of  the  root 
to  the  number  itself,  rapidly  diminishes  at  first  and  goes  on 
forever  approaching  zero  without  ever  reaching  it.  In  short, 
the  curve  is  a  Parabola. 

If  an  Assistant  were  assigned  a  county  as  his  district,  he 

would  be  justified  in  seeking  for  a  description  of  its  bounda- 

'ries  in  the  statutes.    These  extend  the  boundaries  of  all  the 
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counties  of  New  York,  adjacent  to  Lakes  Erie  and  Ontario,  to 
the  State  line  in  the  middle  of  the  lake.  I  believe  this  is  true 
of  all  the  States  bordering  the  great  lakes,  in  which  there 
would  be  found  the  legal  sanction  for  claxming  the  benefit  of 
mileage  for  the  areas  under  water.  But  on  shore,  and  especi- 
ally in  thinly  settled  States,  the  injustice  of  this  rule  becomes 
striking.  When  reduced  to  per  capita  rates,  it  allows  twenty-six 
mills  in  Hamilton  Co.,  N.  Y.,  six  mills  in  Herkimer  Co.,  and 
four  mills  in  Oneida  Co.  The  factor  of  square  root  of  square 
miles  for  Texas,  is  nearly  twice  that  of  all  New  England  to- 
gether, while  its  total  population  is  not  a  fifth  part  as  great. 

Again,  the  rule  of  compensation  to  Marshals,  for  supervising 
the  census,  is  absurd.  If  the  district  be  under  a  million,  it  is 
at  the  rate  of  $1.25  per  1 000.  If  it  exceeds  a  million,  the 
rate  from  the  beginning  is  $1.00  per  1000.  If  he  reports 
800000,  he  gets  the  same  as  for  1 000000.  For  one  less  than 
a  million  he  gets  $125.00  more  than  for  one  more  than  a  million. 

The  various  intermediate  agencies  between  the  Enumerators 
and  the  central  ofi^ce  should  be  suitably  paid  for  services 
rendered,  and  at  least  one  competent,  active  and  honorable 
man  should  be  assigned  to  each  Congressional  district,  to 
select  competent  Enumerators,  and  exercise  a  vigilant  supervi- 
sion over  them. 

In  every  case,  a  careful  revision  and  inspection  should  pre- 
cede payment,  and  the  central  office  should  have  power  to 
withhold  compensation  until  all  needfld  corrections  or  deficien- 
oes  were  supplied. 

With  a  suitable  organization,  a  careful  selection  of  a  local 
superintendent  in  each  Congressional  district,  and  a  like  selec- 
tion by  the  latter  of  persons,  chosen  on  account  of  their  intel- 
ligence and  integrity,  in  every  township,  or,  still  better,  in 
eveiy  election  precinct  or  school  district ;  with  suflScient  time 
to  instruct  every  man  uniformly  in  his  duties,  and  a  set  of 
blanks,  precise  and  simple  in  form,  for  their  use,  we  might 
reasonably  hope  that  our  national  census,  upon  which  such 
mighty  questions  of  public  policy  and  private  enterprise  de- 
pend, could  attain  a  fair  degree  of  accuracy  and  be  entitled  to 
our  Aillest  confidence.  ' 

I  have  observed  that  the  character  of  returns  from  a  given 
county  or  ward,  have  a  general  similarity  as  to  fullness  and 
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care,  or  the  opposite;  and  that  these  characteristics  depend 
much  upon  the  character  of  the  men  by  whom  nominations  of 
Enumerators  were  made.  In  large  districts  men  were  recom- 
mended for  the  office  highly  qualified,  diligent  and  punctual  in 
their  labors,  while  in  other  cases,  the  class  selected  proved  to 
be  illiterate  and  incompetent  as  a  class.  In  the  former  case 
the  lists  were  prepared  under  an  impressive  sense  of  duty,  and 
with  an  honest  desire  to  serve  the  public  interests,  while  in  the 
latter  the  opportunity  was  seized  upon  to  reward  partizan  ser- 
vices, or  to  promote  some  personal  object  or  political  intrigue. 
This  experience  has  its  moral,  and  should  teach  a  lesson  of 
wisdom,  if  we  would  arrive  at  a  trustworthy  result. 

Statistical  labors  judiciously  conducted,  involve  two  separate 
processes,  which  cannot  be  carried  on  together  without  risk  of 
error  and  loss  of  time.  The  recording  of  facts,  with  careful 
attention  to  their  accuracy,  constitutes  the  first  division  of 
these  labors,  and  to  these  we  have  limited  ourselves  in  this 
paper.  The  condensation  and  preparation  of  these  facts  for 
use,  involving  the  three  principal  operations  of  tallying,  post- 
ing and  adding,  belong  to  the  office  labors,  and  are  so  entirely 
within  control  that  errors  are  needless  and  unpardonable.  In 
many  cases  the  work  if  correct  will  balance  itself  in  the  general 
result,  and  where  this  mode  of  proof  is  not  practicable  every 
process  should  be  revised  before  being  checked  as  right.  A 
rule  allowing  a  fixed  sum  to  be  deducted  from  the  wages  of  a 
clerk  committing  an  error  to  be  paid  to  the  one  who  detects  it 
on  revision,  would  check  careless  habits  and  secure  vigilant 
attention.  The  labors  of  classification  may  in  many  cases  be 
simplified,  and  mechanical  devices  are  applicable  in  tallying 
and  adding  numbers,  that  would  greatly  facilitate  clerical  labor 
and  relieve  the  clerk  from  that  constant  mental  labor  so  ex- 
hausting when  continued  daily  for  long  periods. 

A  daily  report  of  work  done  by  each  clerk  and  a  system  of 
precise  responsibility  by  which  an  error,  if  found,  can  be  traced 
to  its  author  beyond  doubt,  would  constitute  an  essential  fea- 
ture in  a  well  regulated  office. 

The  classification  should  always  have  reference  to  compara- 
bility, with  similar  data  of  other  period  or  locality,  and  if  new 
subdivisions  are  adopted  they  should  be  so  arranged  that  by 
their  combination  they  would  readily  admit  of  such  comparison. 
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11.  Remabks   on*  the    Seculab  Variations  op  the  Planb- 
TAKY  Orbits.    By  J.  N.  Stockwell,  of  Brecksville,  Ohio. 

The  secular  variations  of  the  elements  of  the  planetary 
orbits,  is  one  of  the  most  interesting  and  important  problems 
which  the  theory  of  the  universal  gravitation  of  matter  pre- 
sented for  the  consideration  of  mathematicians.  This  problem 
is  one  of  immense  difficulty,  for,  in  order  to  determine  the 
variation  of  the  elements  of  a  single  planet,  it  is  necessary  to 
know  the  simultaneous  variations  of  the  elements  of  all  the 
others.  It  is  this  circumstance  which  invests  the  problem  with 
its  greatest  difficulty,  and  renders  its  rigorous  solution  one  of 
the  most  valuable  contributions  to  celestial  mechanics. 

The  researches  of  La  Grange  and  La  Place,  towards  the  close 
<9f  the  last  century,  made  known  the  laws  which  regulate  and 
control  the  forms  and  positions  of  the  planetary  orbits ;  and 
these  laws  are  embodied  in  several  theorems  of  great  elegance 
and  generality.  It  was  shown  that  all  the  variations  of  the 
elements  of  the  planetary  orbits,  are  confined  within  narrow 
limits ;  and  that  the  stability  of  the  planetary  system  is  main- 
tained by  the  forces  of  gravitation.  The  analytical  investiga- 
tion demonstrated  the  stability  of  the  system ;  but  did  not,  of 
course,  make  known  the  limits  of  variation  within  which  each 
element  would  be  confined ;  since  the  actual  variations  depend 
upon  the  relative  values  of  the  masses  of  the  different  planets 
of  the  system.  It  was  therefore  necessary,  in  order  to  deter- 
mine the  actual  condition  of  the  planetary  system,  during  all 
past  and  future  ages,  to  substitute  the  values  of  the  masses 
and  elements  corresponding  to  each  planet,  in  the  analjiiical 
formulae,  and  by  means  of  a  laborious  process  of  elimination 
determine  the  particular  values  of  the  constants  corresponding 
to  each  planet.  The  number  of  constants  to  be  thus  deter- 
mined, amounts  to  eighty,  for  the  deteimination  of  the  eccen- 
tricities and  perihelia  of  the  eight  principal  planets;  and 
eighty  more  are  required  for  the  determination  of  the  nodes 
and  inclinations.  A  knowledge  of  the  actual  condition  of  the 
planetary  system  at  any  period  of  time,  therefore,  requires  us 
to  determine  the  values  of  one  hundred  and  sixty  constant 
quantities, — thirty-two  of  which  are  indeterminate  by  analysis, 
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but  may  be  derived  firom  the  values  of  the  elements  at  a  given 
epoch. 

La  Grange  made  the  first  successftil  attack  on  the  problem  of 
finding  the  approximate  numerical  values  of  the  constants 
which  determine  the  variations  of  the  elements  of  the  seven 
principal  planets  which  are  within  the  orbit  of  Neptune.  But 
his  solution  was  based  on  values  of  the  masses  of  the  planets 
which  differed  much  from  the  truth.  His  determination  of 
these  constants  could  therefore  be  considered  only  as  provis- 
ional, and  authoritative  only  until  more  correct  values  of  the 
masses  of  the  planets  should  be  arrived  at.  About  half  a 
century  from  the  time  of  La  Grange's  investigation,  when  more 
accurate  values  of  the  planetary  masses  had  been  obtained, 
LeVerrier  undertook  a  new  determination  of  these  constants. 
He  very  skilfully  determined  all  the  constants,  together  wifli 
the  coefilcients  of  any  supposed  errors  in  the  masses  of  the 
planets.  But  his  determination  of  these  coefiftcients  was 
founded  on  two  theorems  which  are  true  only  on  the  supposi- 
tion that  the  assumed  masses  are  extremely  near  the  truth ;  or, 
in  other  words,  on  the  supposition  that  the  possible  errors  of 
the  masses  are  infinitely  small.  This  investigation  of  LeVer- 
rier's  was  made  about  thirty  years  ago ;  and  the  values  of  the 
masses  which  he  used,  are  some  of  them,  considerably  different 
fi-om  the  values  received  at  the  present  time.  These  successive 
corrections  to  the  masses,  together  with  some  small  corrections 
to  the  elements  of  the  orbits,  taken  in  connection  with  the 
discovery  of  the  planet  Neptune,  was  a  sufiAcient  incentive  for 
submitting  the  question  to  a  new  discussion.  I  therefore,  some 
ten  years  since  commenced  the  investigation,  using  as  the 
groundwork  of  my  solution  the  masses  and  elements  of  the 
orbits  of  which  are  used  in  the  construction  of  the  American 
Ephemeris  and  Nautical  Almanac,  with  the  exception  of  the 
mass  of  the  earth  and  the  elements  of  Neptune;  and  have  since 
devoted  such  time  as  I  could  spare  from  other  duties,  to  the 
prosecution  of  this  work,  which  is  now  substantially  com- 
pleted. 

I  purpose  now  to  give  a  brief  abstract  of  the  results  of  my 
investigation. 

Since  I  completed  the  determination  of  the  constants,  I  have 
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compnted  the  eccentricities  and  places  of  the  perihelia,  of  the 
planets  Mercury  and  the  Earthy  at  intervals  of  10  000  years,  dur- 
ing a  period  of  2  000  000  years ;  and  have  drawn  a  chart  ex- 
hibiting the  relative  eccentricities  at  all  times  during  that 
period.  The  eccentricity  of  Mercury's  orbit  will  always  be  con- 
fined within  the  limits  of  0.231 994  and  0.123274 ;  the  minimum 
being  a  little  more  than  one-half  of  the  maximum.  But  it  is 
not  probable  that  these  extreme  limits  of  eccentricity  will  ever 
be  reached,  since  the  coefficients  of  the  time^  in  the  expression 
of  that  element  are  incommensurable,  and  consequently  the 
Coynes  of  all  the  angles  can  never  be  equal  to  +1,  at  the  same 
time.  During  the  2000000  years  which  I  have  charted,  the 
eccentricity  has  been  confined  within  much  narrower  limits,  — 
the  greatest  maxima  being  only  0.2072,  or  slightly  greater  than 
the  present  value  of  that  element,  and  the  smallest  minima 
being  0.1586;  so  that  the  whole  variation  during  2000000 
years  amounts  to  only  0.0486.  We  see  by  the  chart,  that  the 
variations  of  its  eccentricity  consists  of  a  series  of  small  eleva- 
tions and  depressions,  having  a  comparatively  short  period; 
but  these  small  elevations  are  at  present  combined  so  as  to 
produce  one  grand  and  uniform  swell  of  the  eccentricity,  dur- 
ing a  period  of  400  000  years. 
•  The  mean  annual  motion  of  Mercury's  perihelion  is  5".509- 
545.  It  therefore  performs  a  complete  revolution  in  the 
heavens,  in  about  235200  years.  And  the  greatest  quantity 
by  which  the  perihelion  can  differ  from  its  mean  place  amounts 
to  only  17**. 

The  superior  limits  of  the  eccentricity  of  the  orbits  of  the 
planets  Venusy  the  Earth  and  Mars^  are  respectively  0.073930, 
0.0693888  and  0.1402156 ;  and  their  inferior  limits  are  each 
equal  to  nothing.  The  orbits  of  these  three  planets  are  the 
only  ones  in  the  solar  system  which  can  become  circular 
through  the  agency  of  the  forces  of  gravitation.  The  perihe- 
lia of  these  three  planets  can  have  no  mean  motion^  since  the 
ellipticity  of  the  orbits  is  a  vanishing  element,  and  the  posi- 
tion of  the  transverse  axis  becomes  an  indeterminate  quantity 
the  moment  the  ellipticity  disappears.  It  is  therefore  possible 
for  a  new  ellipticity  to  commence,  with  its  perihelion  diametri- 
caUj  opposite  the  point  at  which  it  disappeared ;  and  in  such  a 

A.    A.    A.    8.,  VOL.  XVn.  21 


162  A.   MATHEMATICS,   FHTSIOB,   AND   CHBMI8TBT. 

case  the  transverse  axis  would  apparently  revolve  with  an  infi- 
nite velocity. 

The  eccentricity  of  the  earth's  orbit  is  one  of  the  most  inter- 
esting and  important  elements  of  astronomy.  Not  only  does 
it  have  an  important  influence  in  modifying  the  amount  of  light 
and  heat  received  from  the  sun  in  the  course  of  each  year,  but 
it  also  has  an  important  bearing  in  matters  pertaining  to  the 
chronology  and  antiquity  of  the  human  race.  For  the  inequali-. 
ties  which  that  element  produces  in  the  sun's  apparent  motion 
are  so  great  as  to  force  themselves  upon  the  notice  of  observers, 
as  soon  as  they  pass  from  a  barbarous  to  a  civilized  and  en- 
lightened state.  And  when  an  inequality  is  once  detected  it 
is  carefully  observed,  and  its  maximum  value  accurately  ascer- 
tained and  recorded.  But  since  the  eccentricity  is  itself  a 
variable  quantity,  the  inequalities  which  it  produces  in  the 
sun's  apparent  motion  will  be  different  at  different  periods  of 
time;  and  no  two  observers  will  obtain  the  same  values  of 
these  inequalities  unless  they  are  exactly,  or  very  neai'ly,  con- 
temporaneous. The  values  of  these  inequalities,  as  recorded 
in  the  annals  of  a  nation,  therefore,  serve  as  an  accurate  chro- 
nological record  of  the  epoch  of  the  observations  on  which  the 
recorded  inequalities  are  founded.  K  we,  therefore,  know  the 
values  of  these  inequalities  at  two  different  epochs,  we  may 
use  them  to  determine  the  interval  of  time  between  them,  when 
we  know  the  exact  law  according  to  which  the  eccentricity 
varies.  On  the  other  hand,  when  the  inequalities  and  epochs 
are  both  known,  we  may  use  them  to  correct  any  assimied  law 
of  variation  of  the  eccentricity. 

As  the  question  relating  to  the  antiquity  of  man,  has  been 
so  thoroughly  ventilated  by  several  members  of  this  Associa- 
tion, from  the  study  of  the  fossils  of  prehistoric  ages,  any 
farther  allusion  to  the  subject  at  this  meeting  might  seem  im- 
proper and  out  of  place.  But  I  trust  you  will  pardon  me  for 
alluding,  not  simply  to  the  fact  of  his  existence  during  many 
centuries  antecedent  to  the  epoch  of  his  creation,  according  to 
the  usually  received  chronology,  but  to  the  fact  that  he  had 
made  great  advances  in  civilization  and  science,  at  an  epoch 
antedating  European  records,  and  the  heroic  ages  of  Greece 
and  Borne,  by  more  than  two  thousand  years.    These  records 
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of  his  civilizatioii  and  scientific  coltore,  I  need  scarcely  say, 
are  based  on  astronomical  elements  of  a  former  age, — ele- 
ments which  are  perpetually  changing.  And  it  will  be  one  of 
the  grandest  triumphs  of  astronomy,  to  be  able  to  reconstruct 
a  chronology  which  the  lapse  of  ages  has  in  great  measure 
^obscured. 

About  a  century  ago  the  French  astronomer,  Legentil,  was 
sent  to  India  to  observe  the  transit  of  VeniLS  over  the  sun. 
He  there  became  acquainted  with  a  learned  Brahmin,  and  from 
him  obtained  a  set  of  tables  and  a  knowledge  of  Hindoo 
astronomy.  The  astronomical  tables  he  carried  with  him  to 
France,  and  they  were  subsequently  published  in  the  Memoirs 
of  the  Academy  of  Sciences  of  Paris.  These  tables  contained 
the  various  astronomical  elements  which  are  necessary  in  order 
to  calculate  the  positions  of  the  heavenly  bodies,  at  an  epoch 
8 102  years  before  the  Christian  Era.  The  great  antiquity  of 
the  reputed  epoch  of  these  tables  induced  astronomers  to 
reconstruct  tables  for  that  epoch,  by  applying  to  the  existing 
elements  the  changes  which  should  have  taken  place  since 
that  epoch,  according  to  the  theory  of  universal  gravitation. 
The  identity  of  the  resulting  elements,  when  thus  corrected, 
was  not  regarded  by  scientific  men  as  sufficiently  close  to  war- 
rant the  conclusion  that  they  were  founded  on  the  state  of  the 
heavens  at  that  epoch;  and  they  were  therefore  regarded  as 
mere  fanciful  creations  of  the  imaginative  Hindoos. 

But  a  question  of  so  much  interest  and  importance  ought 
not  to  be  hastily  decided.  All  the  circumstances  which  can 
possibly  have  an  intimate  or  remote  bearing  on  the  question 
should  be  carefully  considered,  and  due  weight  allowed  them 
in  the  final  summing  up  of  evidence. 

At  the  time  of  the  discovery  of  these  tables  the  develop- 
ment of  the  theory  of  universal  gravitation  was  in  its  infancy ; 
— the  simple  elements  of  the  gravitating  forces  were  very 
imperfectly  known;  and  consequently  the  elements  of  the 
planetary  motions  at  that  time,  when  thus  corrected  for  the 
eftecte  of  the  gravitating  forces  during  a  period  of  nearly  five 
thoosand  years,  would  very  imperfectly  represent  the  original 
elements.  Bat  during  the  present  century  the  theories  and 
elements  of  astronomy  have  been  very  greatly  improved ;  and 
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we  are  now  in  possession  of  the  means  of  obtaining  the  varia- 
tions of  all  the  elements  of  the  planetary  motions,  during  all 
past  ages,  more  perfectly  than  would  have  been  possible  for 
oar  predecessors.  And  if  our  elements  of  astronomy,  as  they 
increase  in  precision,  represent  more  and  more  perfectly,  the 
elements  recorded  in  these  ancient  tables,  the  presumption' 
seems  legitimate  that  the  recorded  elements  are  founded  on 
the  observed  state  of  the  heavens  at  that  epoch.  But  if,  on 
the  other  hand,  they  differ  more  and  more  widely  from  the 
recorded  elements,  the  conclusion  seems  alike  inevitable  that 
they  are  not  founded  on  fact,  but  are  merely  the  idle  fancies  of 
the  people  by  whom  they  are  entertained. 

We  will  now  apply  the  test  we  have  indicated  to  two  of  the 
astronomical  elements  which  are  given  in  the  Tirvalore  Tables^ 
as  they  are  technically  called.-  These  elements  are  the  equa- 
tion of  the  sun's  centre  (which  depends  on  the  eccentricity  of 
the  earth's  orbit),  and  the  obliquity  of  the  ecliptic.  We  have 
chosen  these  two  elements  for  comparison,  because  they  may 
be  readily  determined  by  observation,  and  are  alike  inde- 
pendent of  all  knowledge  of  the  true  theory  of  astronomy. 
According  to  these  tables,  the  epoch  of  which  is  assumed  to 
be  4  952  years  before  the  year  1850,  the  equation  of  the  sun's 
centre  was  2*"  10'  32".  And  a  writer  in  the  Encyclopedia  BrU- 
tardea^  states  that  the  equation  of  the  sun's  centre,  at  that 
epoch,  should  be  2°  6'  28",  according  to  the  formula  of  La 
Grange.  This  differs  from  the  recorded  value  by  only  4'  4". 
LaPlace's  formula  would  diminish  this  difference  by  30".  But 
according  to  my  determination  of  the  eccentricity,  which  is 
based  on  the  latest  values  of  the  masses  of  the  planets,  the 
value  of  the  equation  at  that  time  was  2°  T  24",  which  differs 
from  the  recorded  value  by  only  3'  8".  According  to  the 
tablea  the  obliquity  of  the  ecliptic  at  the  same  epoch  was  24**. 
LaGrange's  formula  gives  23°  51'  13",  which  differs  from  the 
recorded  value  by  only  8'  47".  LaPlace's  formula  gives  24**  5' 
50"  for  the  obliquity,  which  exceeds  the  recorded  value  by  only 
5'  50".  And  my  own  computation  gives  the  obliquity  at  that 
time  equal  to  24**  3'  8",  which  exceeds  the  recorded  value  by 
only  3'  8". 

According  to  this  comparison  the  tables  endure  the  tecrt 
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which  we  proposed  to  apply ;  and  we  may  therefore  regard  the 
question  of  their  authenticity  as  still  an  open  one.  I  hope  to 
he  able,  at  an  early  day,  to  extend  the  comparison  to  the  vari- 
ons  other  astronomical  elements;  and  should  the  evidence 
continne  to  be  cumolatiye,  the  conclusion  will  be  inevitable 
tliat  they  were  founded  on  observation. 

The  chart  of  the  eccentricity  of  the  earth's  orbit  may  sepe 
to  give  a  general  idea  of  the  variations  of  the  eccentricities  of 
the  orbits  of  Venus  and  Mars^  although  the  latter  would  be 
subject  to  greater  variations.  A  simple  inspection  of  the 
chart  shows  that  the  average  time  required  for  the  eccen- 
tricity of  the  earth's  orbit  to  pass  from  a  maximum  to  a  mini- 
mum value,  is  only  45  500  years.  This  time  seems  to  be  very 
nearly  independent  of  the  amount  of  change  required,  in  order 
to  obtain  these  conditions. 

If  we  now  pass  to  the  consideration  of  the  elements  of  the 
four  lai^est  planets  of  the  system,  Jupiter^  Saturn,  Uranus 
and  Neptune,  we  shall  notice  some  curious  and  interesting 
relations.  These  planets  compose  a  system  by  themselves, 
which  is  practically  independent  of  the  other  planets  of  the 
Bolar  system. 

The  maximum  and  minimum  limits  of  eccentricity  of  these 
four  planets  are  as  follows  ? — 


MinimniUi 

Jupiter, 

0.0608274, 

0.0254942. 

Saturn, 

0.0843298, 

0.0123710. 

Uranus, 

0.0779496, 

0.0117464. 

Neptune, 

0.0145058, 

0.0055729. 

The  whole  limit  of  variation  of  eccentricity  in  Neptun^s  or- 
bit IB  therefore  only  about  one-half  the  present  value  of  the 
eccentricity  of  the  earth's  orbit. 

But  the  most  curious  relation  developed  by  my  researches, 
pertains  to  the  relative  motions  and  positions  of  the  perihelia  of 
the  difTerent  planets.  The  mean  motion  of  Jupitefs  perihelion 
is  exactly  equal  to  the  mean  motion  of  the  perihelion  of  Uror 
nus;  and  their  mean  longitudes  differ  by  exactly  180°.  The 
mean  motion  of  Saturn's  perihelion  is  very  nearly  six  times 
that  of  Jupiter  and  Uranus;  and  this  latter  quantity  is  very 
nearly  six.  tisnes  that  of  Neptune;  or,  more  exactly,  985  times 
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the  mean  motion  of  JupUefa  perhelion  is  equal  to  163  times 
that  of  Saturn;  and  440  times  the  mean  motion  of  Neptum^s 
perihelion  is  equal  to  78  times  that  of  Jupiter  and  Uranus. 
The  mean  annual  motions  of  the  perihelia  of  these  four  planets 
are  as  follows ;  namely, 

Jupiter  and  Uranus^      ....       3".716923 

Saturn^ 22".460985 

^Neptune, 0^616686 

The  perihelion  of  ScUum,  therefore,  performs  a  complete  revo- 
lution in  the  heavens  in  57  700  years ;  that  of  Jupiter  and  Ura- 
nus in  848  676  years ;  while  that  of  Neptune  requires  no  less 
than  2 101 555  years  to  perform  the  circuit  of  the  heavens. 

We  may  observe  that  the  law  which  controls  the  motions  and 
positions  of  the  perihelia  of  the  orbits  of  Jupiter  and  Uranus^ 
is  of  the  utmost  importance  in  relation  to  their  mutual  per- 
tm*bations  of  Saturn's  orbit.  For  in  the  existing  arrangement 
the  orbit  of  Saturn  is  affected  only  by  the  difference  of  the  per- 
turbations of  Jupiter  and  Uranus;  whereas,  if  the  mean  places 
of  the  perihelia  of  these  two  planets  were  the  same,  instead  of 
differing  by  180°,  the  orbit  of  Saturn  would  be  affected  by  the 
sum  of  their  disturbing  forces.  But  notwithstanding  this 
favoring  condition,  the  elements  of  Saturn's  orbit  would  be 
subject  to  very  great  perturbations  from  the  superior  action  of 
Jupiter^  were  it  not  for  the  comparatively  rapid  motion  of  its 
perihelion ;  its  equilibrium  being  maintained  by  the  very  act  of 
perturbation.  Indeed,  the  stability  of  Saturn's  orbit  depends 
almost  entirely  upon  the  rapidly  varying  positions  of  its  trans- 
verse axis.  For,  if  the  motions  of  the  perihelia  of  Jupiter  and 
Saturn  were  very  nearly  the  same,  the  action  of  Jupiter  on  the 
eccentricity  of  Saturn's  orbit  would  be  at  its  maximum  value 
during  very  long  periods  of  time,  and  thereby  produce  great 
and  permanent  changes  in  the  value  of  that  element.  But  in 
the  existing  conditions  the  rapid  motion  of  Saturn's  orbit  pre- 
vents such  an  accumulation  of  perturbation,  and  any  increase 
of  eccentricity  is  soon  changed  into  a  corresponding  diminu- 
tion. 

I  said  the  mean  angular  distance  between  the  perihelia  of 
Jupiter  and  Uranus  was  exactly  180®.  But  the  conditions  of 
these  motions  are  sufficiently  elastic  to  allow  of  a  considerable 
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deviation  on  each  side  of  their  mean  positions.  In  fact,  the 
actual  position  of  JupUer^s  perihelion  may  be  in  adyance  of  its 
mean  place  to  the  extent  of  23''  54' ;  and  it  may  fall  behind  its 
mean  place  to  the  extent  of  22®  16' ;  while  the  perihelion  of 
UranuSy  may  be  in  advance  by  36**  26',  or  behind  its  mean 
*  place  to  the  extent  of  45°  41'.  It  therefore  follows  that  the 
nearest  approach  of  the  perihelia  of  these  two  planets  will  be 
110°  25',  and  their  greatest  distance  apart  will  be  238°  42'. 
The  amount  by  which  these  elements  differ  from  the  mean 
at  present  is  only  21°  19',  or  about  one-third  of  their  ulti- 
mate limit  of  deviation.  This  deviation  from  their  mean 
places  will  continue  to  increase  during  a  period  of  35000 
years,  when  it  will  attain  the  value  of  68°.  They  will  then 
alternately  approach  and  recede  from  their  mean  positious,  at 
intervals  of  time  during  a  period  of  170000  years,  at  which 
time  they  will  be  very  near  their  mean  positions, — the  longi- 
tude of  Jupiter's  perihelion  being  220°  14',  and  that  of  Uranus 
being  36°  33';  and  consequently  the  distance  between  them 
will  be  176°  19',  which  differs  by  only  3°  41'  from  the  mean 
value  of  that  element. 

The  consideration  of  the  phenomena  depending  on  the  varia- 
tions of  the  nodes  and  inclinations  will  form  a  proper  subject 
for  another  communication. 

NOTS.  In  tlie  accompanjiDg  Chart,  the  unit  of  absoiesas  is  eqaiyalent  to 
10000  years;  and  the  unit  of  ordinates  is  equivalent  to  0.001,  for  the  Sarth's  orbit, 
and  to  O.0Q3  for  Mercury's  orbit.  The  curve,  therefore,  represents  the  eccentricity 
•f  Mercury's  orbit  only  one-third  of  the  actual  value  relatively  to  that  of -the  earth. 


12.  On  Hansen's  Theory  op  the  Phtsicax  Constitution  of 
THE  Moon.     By  Simon  Newcomb,  of  Washington. 

The  great  reputation  of  the  author  has  given  extensive  cur- 
rency to  the  hypothesis  put  forth  by  Professor  Hansen  some 
years  since,  that  the  centre  of  gravity  of  the  moon  is  consid- 
erably farther  removed  from  us  than  the  centre  of  figure.  The 
consequences  of  this  hypothesis  are  developed  in  an  elaborate 
mathematical  memoir  to  be  found  in  the  twenty-fourth  volume 
of  the  Memoirs  of  the  Royal  Astronomical  Society.  But  the 
reception  of  the  doctrine  seems  to  have  been  based  rather  on 


168  A.    UATHEMATICS,   PHYSICS,  AND   CHEMISTRY. 

faith  in  its  author,  than  on  any  critical  examination  of  its  logi- 
cal foundation.  Such  an  examination  it  is  proposed  to  give  it. 
An  indispensable  preliminary  to  this  examination  is  a  clear 
understanding  of  what  the  basis  of  the  doctrine  is.  Let  us 
then  consider  these  three  propositions :'' 

1.  The  moon  revolves  on  her  axis  with  a  uniform  motion 
equal  to  her  mean  motion  around  the  earth. 

2.  Her  motion  around  the  earth  is  not  uniform,  but  she  is 
sometimes  ahead  of,  and  sometimes  behind  her  mean  place, 
owing  both  to  the  elliptic  inequality  of  her  motions  and  to 
perturbations. 

S.  Suppose  her  centre  of  gravity  to  be  farther  removed  from 
us  than  her  centre  of  figure,  and  so  placed  that  when  the  moon 
is  in  her  mean  position  in  her  orbit,  the  line  joining  these 
centres  passes  through  the  centre  of  the  earth. 

Let  us  also  conceive  that  these  two  centres  are  visible  to  an 
observer  on  the  earth.  Then  a  consideration  of  the  geomet- 
rical arrangements  of  the  problem  will  make  it  clear  that  when 
the  moon  is  ahead  of  her  mean  place  the  observer  will  see  the 
two  centres  separated,  the  one  nearest  him  being  farther 
advanced  in  the  orbit,  while  when  the  moon  is  behind  her 
mean  place  the  nearest  centre  will  be  behind  the  other.  This 
apparent  oscillation  of  the  two  centres  is,  indeed,  an  immediate 
effect  of  the  moon's  libration  in  longitude,  as  may  be  seen  from 
the  following  figure  in  which  the  circle  represents  the  moon, 
C  and  G  her  centres  of  figure  and  gravity,  and  E  E'  E"  the 


E^- 


E»'— 

positions  of  an  observer  on  the  earth,  relatively  to  the  face  of 
the  moon,  when  she  is  behind,  in,  and  ahead  of  her  mean  place. 
Now  the  inequalities  in  the  moon's  motion  computed  from 
the  theory  of  gravitation,  are  those  of  a  supposed  centre  of 
gravity.  But  the  inequalities  given  by  observation  are  those 
of  the  centre  of  figure.    Hence,  in  the  case  supposed,  the 
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ineqnalitieB  of  obserration  will  be  greater  than  those  of  theory. 
Also  their  ratio  will  be  inversely  as  that  of  the  distances  of  the 
oentres  wMch  they  represent. 

Professor  Hansen,  in  comparing  his  theory  with  observa- 
tiona,  found  that  the  theoretical  inequalities  would  agree  better 
with  observation  when  multiplied  by  the  constant  factor 
1.0001544.  Supposing  that  this  result  could  be  accounted  for 
on  the  hypothesis  of  a  separation  of  the  centres  of  ^gravity  and 
figure,  he  thence  inferred  that  the  hypothesis  was  true.  But 
the  result  cannot  be  entirely  accounted  for  in  this  way,  because 
the  largest  inequalily  of  theory  (evection)  has  a  factor  (eccen- 
tricity) which  can  only  be  determined  from  observation,  and 
therefore,  even  the  theoretical  evection  is  that  of  the  centre  of 
figure  and  not  of  the  centre  of  gravity.  It  must  not  be  for- 
gotten, that  the  eccentricity,  which  is  not  given  by  theory,  is 
subject  to  be  multiplied  by  the  same  factor  that  multiplies  the 
other  inequalities. 

To  be  more  explicit : — 

Let  e  be  the  true  eccentricity  of  the  orbit  described  by  the 
moon's  centre  of  gravity ;  then  the  true  evection  in  the  same 
OTbit  will  be  e  X  A;  • 

A  being  a  factor  depending  principally  on  the  mean  motions  of 
the  sun  and  moon ;  and  on  Hansen's  hypothesis  the  apparent 
evection,  or  that  of  the  centre  of  figure,  will  be 

e  X  ^  X  1.0001544. 
On  the  same  hypothesis,  the  eccentricity  derived  from  observa- 
tion, being  half  the  coefllcient  of  the  principal  term  of  the 
equation  of  the  centre,  will  be 

e  X  1.0001544, 
and  the  theoretical  evection  computed  with  this  eccentricity 
will  be  ex  1.0001544  X  A, 

which  is  the  same  with  that  derived  frx>m  observation.    Hence : 

The  theoretical  evection  vnU  agree  with  that  of  observation  not- 
withstanding a  se^raUon  of  the  centres  of  gravity  and  figure  of 
the  moon. 

That  Hansen  overlooked  this  point  is  to  be  attributed  to  his 
method  of  determining  the  lunar  perturbations,  by  ]^umerical 
computation  from  the  various  elements  of  the  moon's  motion, 
so  that  the  manner  in  which  the  inequality  depends  on  the 

28 
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elements  does  not  appear.  It  is  «nly  when  we  determine  the 
perturbations  in  algebraic  form  that  this  dependence  appears. 
Passing  now  firom  the  evection,  the  next  great  perturbation 
of  the  moon's  motion  is  the  variation.  But  the  value  of  this 
'perturbation  has  not  been  accurately  determined  firom  observar 
tion,  because,  attaining  its  maxima  and  minima  in  the  moon's 
octants,  it  is  complicated  with  the  moon's  semi-diameter,  and 
parallactic  inequality.  Even  if  the  semi-diameter  is  known, 
the  two  inequalities  in  question  cannot  be  detennined  sepa- 
rately with  precision,  because  their  coefficients  have  the  same 
sign  in  that  part  of  the  moon's  orbit  where  nearly  all  the  meri- 
dian observations  are  made.  From  this  cause  Alry's  value  of 
the  parallactic  inequality  firom  all  the  Greenwich  observations 
firom  1750  to  1830  was  3''  in  error.  And  when  in  his  last 
investigation  Airy  rejected  the  observations  previous  to  1811, 
owing  to  some  uncertainty  as  to  what  semi-diameter  should  be 
employed,  the  result  was  still  a  second  too  small.  It  is  there- 
fore interesting  to  find  what  value  of  the  variation  will  result 
if  we  substitute  the  known  value  of  the  parallactic  inequality 
in  Airy^s  equations  for  the  determination  of  that  element. 
Neglecting  those  unknowns  which  have  small  coefficients,  these 
equations  are  fix>m  1806  to  1851, 


1806  —  15 

10.66  WH 

h   28,14  V  —  H 

h    17.2 

16  —  24 

9.46      - 

-  80.92 

-   24.9 

25  —  83 

9.48      - 

-   29.26 

-    42.1 

84  —  42 

9.29      - 

-   27.28 

-    10.8 

48  —  51 

9.05      - 

-   23.36 

-     7.9 

Sum,    .        .    47.88  W-f  138.96  V —  +102.9 

In  these  equations  W  X  0^'  .78  represents  the  correction  to  the 
coefficient  of  variation,  and  V  X  3'^77  that  to  the  coefficient  of 
parallactic  inequality.  We  now  know  ttom  recent  special  in- 
vestigations that  the  latter  coefficient  is  very  near  125".50. 
Airys  provisional  one  was  122".10,  whence 

-.     125".50— 122".10     ^_ 
V ^^^ 0.90 

The  sum  of  the  preceding  equations  gives 

W  —  2.15  —  2.90  V  «  —  0.46. 
The  resulting  correction  to  the  provision  variation  (2870".8) 
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is  therefofre  —  0.46  X  0".78=-  — 0".34,  making  the  variation 

deriyed  fix>m  obsenration 2869".96, 

wUle  Hansen's  theoretical  yalae  is      .        .        .        2369  .86, 

and  Delaunay's 2369  .74. 

The  differences  are  too  minute  to  found  any  theory  upon. 
Leaving  the  ejection  and  variation,  the  other  inequalities  are 
so  nunute  l^t  their  product  by  Hansen's  coefficient  is  alto- 
gesther  insensible. 

Summing  up  the  results  of  our  inquiry,  it  appears  that  in  the 
case  of  the  evection,  the  supposed  discordance  between  theory 
and  observation  would  not  follow  from  Hansen's  hypothesis, 
and,  therefore,  even  if  it  exists,  cannot  be  attributed  to  that 
hypothesis  as  a  cause.  In  the  case  of  the  variation  no  such 
discordance  has  been  proved.  In  the  case  of  the  other  inequali- 
ties the  discordance  would  be  insensible.  The  hypothesis  is 
therefore  without  logical  foundation. 

The  question  whether  the  evection  given  by  observation  is 
really  greater  than  that  deduced  from  theory,  although  it  does 
not  affect  our  conclusion,  is  yet  iifteresting  and  important.  It 
Mippeam  from  the  commtocement  of  Hansen's  computations  in 
his  ^^Darlegung^*  that  his  theoretical  perturbations  were  com- 
puted with  an  eccentricity  equal  to  .05490079,  and  that,  on 
comparing  with  observation,  he  found  that  this  eccentricity 
should  be  increased  to  .05490807,  which  is  the  value  adopted 
in  the  Tabka  de  La  Lwm^  and  is  greater  than  that  employed  in 
his  theory  in  the  ratio  1 :  1.0001326.  K,  now,  he  had  employed 
this  corrected  eccentricity  to  recompute  the  evection,  the  latter 
would  have  been  increased  in  the  same  ratio,  and  the  out- 
standing discrepency  between  theory  and  observation  would 
have  been  reduced  .0001544  —  .0001326  —  .0000218  of  it  value, 
€X  O^MO,  a  quantity  no  larger  than  may  be  attributed  to  the 
erKfn  of  theory  and  observation. 

It  does  not,  therefore,  appear  that  there  is  any  sensible  dis- 
cordance between  the  values  of  the  two  great  perturbations  of 
the  moon  which  result  from  Hansen's  theory,  and  those  which 
result  from  all  the  Greenwich  observations  from  1811  to  1851. 
^Xnte  Abbandlang,  f  4,  pp.  178-176. 
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13.  The  Resuscitation  op  the  Cincinnati  Observatory.  By 
Cleveland  Abbe,  of  Cinciimati,  Ohio. 

As  our  Association  is  so  deeply  interested  in,  and  identified 
with,  the  progress  of  the  scientific  institations  of  the  countiy, 
I  take  pleasure  in  presenting  to  the  members  the  following 
brief  notice  of  what  is  contemplated,  and  being  accomplished, 
in  the  city  of  Cincinnati. 

The  Queen  City  of  the  West,  so  prominent  as  an  early 
patron  of  science  and  learning,  has,  through  those  who  repre- 
sent its  wealth  and  cultivation,  resolved  to  revive  the  interest 
in  the  Astronomical  Observatory,  founded  by  the  labors  of  Pro- 
fessor O.  M.  Mitchel  in  1842,  to  enlarge  its  field  of  useMness 
and  to  establish  its  future  existence  upon  a  firm  foundation. 

It  is  well  known  that  the  expense  of  building  and  equipping 
the  Cincinnati  Observatory  was  borne  by  over  a  thousand 
individual  contributors  of  small  sums  of  money,  the  chief 
benefactor  being  the  late  Nicholas  Longworth,  £sq.,  the  donor 
of  the  present  site  upon  Mt.*  Adams.  The  countenance  of  our 
own  Association,  and  especially  the  cordial  encouragement  and 
timely  assistance  vouchsafed  for  many  years  by  the  late 
lamented  Superintendent  of  the  Coast  Survey,  contributed  not 
a  little  to  the  prosperity  of  the  Instituticm.  Never  having  re- 
ceived any  permanent  endowment,  however,  it  inevitably  fol- 
lowed that  on  the  removal  of  Greneral  Mitchel  ttom  Cincinnati, 
the  interests  of  the  Observatory  were  generally  lost  sight  of. 
Thus  it  has  happened  that  for  the  past  ten  years  the  ocHToding 
effects  of  time  have  become  more  and  more  plainly  viaiMe,  while 
on  the  other  hand  the  rapid  growth  of  the  city  has  surrounded 
the  Observatory  site  by  dwellings  and  factories,  whence  issue 
clouds  of  smo^  vapors  even  in  the  hottest  months  of  summer. 

At  a  meeting  of  the  Trustees  of  the  Observatory,  held  last 
winter,  the  interests  of  the  establishment  were  entrusted  to 
me  as  Director,  and  I  take  pleasure  in  bringing  to  the  notioe 
of  this  Association  the  broad  and  enlightened  policy  that  the 
Trustees  have  decided  to  adopt  as  being  for  the  best  interests 
of  the  Institution. 

^'Usefulness"  being  the  criterion  by  whidi  business  men 
very  properly  judge  of  the  value  of  an  Institution,  we  shall 


A.  WATHiniATIOB,  FHTnOB,  AlTD  OHBIOSXBT.  178 

necessarily  seek  to  advance  not  only  science  but  also  its  prac- 
tical applications.  Accordingly  it  has  been  resolved  that  onr 
complete  ideal  must  embrace  the  field  of  activity  indicated  by 
the  following  articles : 

1.  In  Astronomy,  the  application  of  large  Eqoatoreals  to  the 
stady  of  the  heavois  will  enable  ns  to  fhrther  the  science, 
prcq>erly  so  called.  The  establishment  of  a  meridian  transit 
and  a  vertical  circle  will  hereafter  follow,  and  will  especially 
be  necessaiy  in  connection  with  the  Geodetic  works  to  be 
mentioned. 

2.  In  practical  Astronomy,  the  determination  of  latitades 
and  longitudes,  as  the  basis  of  accurate  maps  of  tiie  snr- 
roonding  country,  will  claim  a  large  share  of  our  attention. 

3.  In  connection  with  the  latter,  Hypsometry  and  Geodesy 
in  its  general  ei^Mmsion  will  be  cultivated ;  combined  herewitii 
tiie  condact  of  a  ^^Pendnlum  Survey**  will  be  of  great  interest, 
especially  if,  as  we  expect  to  be  able  to  do,  the  use  of  the 
Bepsold  Bessel  Pendulum  be  introduced.  Although  an  ex- 
tended survey  of  the  Ohio  Valley  will  require  a  long  series  of 
years,  yet  it  will  ever  be  kept  steadily  in  view  as  the  appro- 
priate work  of  the  Obsezvatory.  The  proposal  to  establish  a 
special  school  of  Geodesy,  under  the  auspices  of  a  University 
about  to  be  inaugurated  at  Cincinnati,  has  met  with  a  favorable 
conrideration. 

4.  The  Meteorology  of  our  country  is  f^  matter  of  such  vital 
importance  to  the  national  interests,  and  one  so  interesting 
to  the  astronomical  observer,  tliat  it  has  been  decided  to  estab- 
lish a  complete  Meteorological  Observatory,  Aimished  with  self- 
recording  instruments,  so  soon  as  the  proper  Amds  are  secured. 

5.  In  direct  connection  with  the  latter  it  is  considered 
desirable  that  there  be  published  a  daily  meteorological  bulle- 
tin, compiled  tnm  telegraphic  dispatches  from  all  x>arts  of  the 
Ohio  Valley.  For  this,  the  central  position  of  Cincinnati 
offers  great  advantages,  and  we  shall  expect  to  distribute  this 
bullettn  widely  to  those  places  where  the  knowledge  it  contains 
is  desired. 

6.  It  is  considered  that  we  shaU  not  depart  too  widely  lh>m 
our  piovince,  if  we  include  in  our  Institution  the  Magnetic 
Observatory,  also;  this  will  complete  our  equipment  as  an 
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Astaronomical  and  PhjBical  Observatory,  and  seems  especially 
called  for  when  we  consider  the  fragmentary  condition  of  our 
knowledge  of  the  magnetic  elements  in  the  interior  of  this 
continent. 

While  the  works  here  contemplated  will  demand  a  large 
force  of  men  and  instmments,  they  equally  necessitate  the 
removal  of  the  Observatory  to  a  new  and  more  favorable 
location;  this  step  having  been  at  once  decided  upon  it  is 
our  confident  expectation  that  the  removal  will  be  effected 
within  a  year ;  therefore  at* the  next  meeting  of  the  Assodar 
tion  I  hope  to  present  a  report  of  that  which  has  been  done, 
rather  than  of  that  which  is  contemplated. 


14.  Phosphoric  Acm,  a  Constttuent  op  Butter.    By  Pro- 
fessor E.  N.  Horsford,  of  Cambridge. 

LiEBBEiCH*  found  some  three  years  ago  in  the  alcoholio 
extract  of  the  brain,  and  also  of  nerve  fibre,  a  crystalline  sub- 
stance of  fatty  character  which  readily  broke  up  into  several 
fatty  bodies,  including  cerebrin,  stearic,  and  perhaps  other  fat 
acids,  and  a  body  having  the  composition  Cjo  H^  NO,  which 
Liebreich  called  neurine,  which  was  combined  with  glycero- 
phosphoric  acid. 

This  nitrogenous  body — neunne — was  observed  by  Wurtz 
to  consist  of  the  same  elements  in  the  same  proportions  that 
would  be  required  to  form  an  oxide  of  ammonium,  in  which 
one  of  the  atoms  of  hydrogen  is  replaced  by  ethyl,  and  the 
other  three  by  three  atoms  of  methyl,  thus : 
rc«H, 


N 


C,  H, 
C,  H. 


0-C5,o  Hm  no. 


(.  C,  H, 

Bseyer  and  Liebreich  found  sngor  in  the  compound,  and  the 
whole  body  yielded  to  analysis  the  constitution  of 
C«H«iN4  0»P0,. 
It  is,  possibly,  the  body  formerly  known  as  lecithin,  and 
was  called  by  Liebreich,  Protagon. 

•LMdg>«  Jalif s  Bwiobt.  1880,  p.  MT. 
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Wiirtz  attempted  the  qrnthetic  production  of  nqprine,  and 
anooeeded  perfectly  so  that  in  all  its  reactions  the  body  he 
obtained  corresponded  with  the  neurine  derived  fh>m  the  brain. 

It  combines  with  platinnm  and  gold  salts  and  with  varioQS 
adds  yielding  the  same  crystalline  forms  and  the  same  reac- 
tions that  were  obtained  with  the  neurine  procured  from  the 
brain. 

Since  then,  Hermann  has  found  protagon  in  the  blood  coiv 
pnsdes,  and  Hoppe-Seyler  in  the  serum,  and  in  the  red  and 
white  corpuscles,  in  Indian  com,  in  wheat,  in  wine  ferment,  in 
the  yeUow  of  the  egg,  and  in  some  fat  oils. 

In  view  of  these  facts  it  seemed  highly  probable  that  it  would 
be  found  in  butter,  which  is  the  fat  constituent  of  milk,  from 
which  the  blood  and  brain  of  the  young  mammals  derive  their 
nutriment. 

In  my  first  expmment  in  search  of  this  body,  or  of  the 
phosphoric  acid  it  contains,  I  selected  a  very  choice  sample  of . 
buttor,  quite  free  firom  buttermilk  and  water,  rubbed  it  up  with 
carbonate  of  magnesia  and  pulverized  caustic  potassa.  It 
saponified  in  a  short  time  to  a  mealy  mass.  This  mealy  mass 
I  threw,  in*  successive  small  portions,  into  a  platinum  crucible 
and  burned.  The  residuum  I  extracted  with  nitric  acid  and 
water,  filtered  off  the  unbumed  charcoal,  and  tested  with 
molybdate  of  ammonia.  The  precipitate  was  so  immediate 
and  Uunge,  that  I  was  led  to  suspect  that  either  my  potassa  or 
magnesia  contained  phosphoric  acid.  They  proved  to  be 
entirely  free  from  it.  It  then  occurred  to  me  that  a  trace  of 
caseine  or  of  buttermilk  present  in  the  butter  might  be  the 
source  of  the  phosphoric  acid. 

I  proceeded  then  to  treat  a  mass  of  butter  with  ether,  pour* 
ing  off  the  extract  when  the  residue  was  reduced  to  a  pale 
milk-and-water  fiuid.  The  extract  I  left  to  spontaneous  evapo- 
ration. The  milk-and-water  fiuid  yielded  scarcely  a  trace  of 
phosphoric  acid  to  molybdate  of  anunonia. 

From  the  ether  extract  on  slight  concentration,  there  separa- 
ted abnndant  crystals,  and  at  length  the  whole  became,  as  the 
ether  evaporated,  a  semi-fluid  crystalline  magma. 

This  mass  I  rubbed  up  with  carbonate  of  magnesia  and 
powdered  hydrate  of  potassa,  calcined  as  before,  and  dissolved 
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in  diltttei^iiitric  add,  filtered  through  sand  preTioosly  boiled 
with  hydpochloric  acid  and  thoroughly  waahed  with  water,  and 
tested  with  molybdate  of  anunonia.  The  yeUow  precipitate 
was  prompt  and  abundant. 

There  can,  therefore,  be  no  doubt  of  the  preaence  of  phos- 
phoric acid  in  the  etherial  solution  of  this  sample  of  butter. 
It  is  not  improbable  that  it  is  present  in  all  butter. 

As  butter  has  been  found  to  contain :  — 

Butyric  acid,  C,  Hg  O4 
Caproic  "  CuHu04 
Caprylic  '•  C^  Hw  O4 
Capric  "  C«  H»  O4 
Myristic  «       €»  Hjg  O4 

glycerine  and  phosphoric  acid,  and,  as  Frotagon  has  been 
found  to  contain  glycerine,  sugar,  phosphoric  acid,  margaric 
acid,  stearic  and  other  fat  acids,  it  is  hazardlbg  little  to  say 
that  protagon  or  some  nearly  allied  body  wUl  probably  be 
found  to  be  an  important  constituent  of  butter. 


Palmitic  acid,  C^  H^  O4 
Margaric  '<  0^11^04 
Stearic  "  G^  H«  O4 
Butic      '  "    C4oH4o04 


15.  Fluorine  in  the  Humak*  Brain.    By  Professor  £.  N. 
Horsford,  of  Cambridge. 

The  large  percentage  of  phosphoric  add  in  the  brain  and 
nerves,  amounting  (according  to  v.  Bibra,  Bourgoyne,  Fremy 
and  Warren,*)  to  some  4.50  per  cent,  in  the  dried  brain,  sug- 
gests the  possibility  of  finding  fluorine  in  the  same  tissues, 
since  fluorine  is  a  very  frequent  concomitant  of  phosphoric  acid 
in  the  mineral  kingdom,  and  is  found  as  fluoride  of  calcium  in 
the  teeth  and  bones.  It  might,  moreover,  very  naturally  be 
expected  to  be  found  in  the  brain,  after  it  was  found  in  the 
blood  by  George  Wilson  in  1846,  and  since  then  by  Nickl6s  in 
albumen,  gelatine,  hair,  blood  and  urine. 

The  specimen  of  brain  which  I  employed  in  my  analysis  was 
one  long  kept  in  alcohol,  but  from  which,  through  neglect,  all 
the  alcohol  had  evaporated,  and  there  remained  a  compact, 
corrugated  mass,  of  a  texture  somewhat  nke  that  of  a  moder- 
ately hard  pine-apple  cheese.    Pieces  of  this  mass,  ground  up 

*From  unpabllBhed  maniueript  notes  supplied  to  the  author  by  ProfesBor  C.  H. 
WuTon. 


A.   MA.THSMATIC8,  PHYSICS,  AKD   GHBICISTBT.  177 

with  caustic  potassa  or  lime,  gave  readily  the  indications  of 
phosphoric  acid,  with  nitric  acid  and  molybdate  of  ammonia. 
The  same  reagents  indicated  phosphoric  acid  after  digestion 
of  portions  of  the  brain  with  oil  of  vitriol. 

The  chief  difficulty  in  obtaining  trustworthy  evidence  of  the 
presence  oT  fluorine  lies  in  the  circumstance  that  the  reagents 
employed  in  the  reaction  may  sometimes,  indeed  do  oftentimes, 
contain  fluorine. 

My  lime  was  prepared  by  carefhlly  elutriating  water-slacked 
quick  lime,  containing  considerable  silicate  of  lime  and  a  trace 
of  phosphoric  acid,  and  subsequent  ignition  of  the  dried  deposit. 
This  gave  a  substance  of  extreme  fineness.  Silica  was  pre- 
pared from  common  water  glass,  by  separation  with  hydro- 
chloric acid,  long  continued  washing  and  drying.  These  two 
ingredients,  with  oil  of  vitriol  from  my  laboratory,  mixed  with 
silica,  in  all  respects  as  in  the  last  experiment,  except  that  the 
brain  was  not  present,  gave  no  indication  of  fluorine. 

With  these  reagents  I  proceeded  to  test  the  dried  brain  for 
fluorine.  A  portion  of  it  was  ground  up  with  the  dried  lime 
and  calcined  on  platinum,  the  hydrogen  and  carbonaceous 
matter  burning  off  with  great  facility. 

The  calcined  mass  was  then  ground  with  silica,  prepared 
from  the  hydrate  and  mixed  with  the  oil  of  vitriol  in  the  bottom 
of  a  test  tube.  A  tube,  moistened  in  the  interior,  was  inserted 
throogh  a  cork  into  the  test  tube,  and  the  test  tube  and 
its  mixed  brain  ash,  Ume,  silica  and  sulphuric  acid,  gently 
heated.  The  fhmes  that  arose  condensed  in  part  on  the  upper 
portions  of  the  test  tube,  and  along  the  moistened  interior  of 
the  inserted  tube,  forming  a  white  film  which  was  non-volatile 
before  the  blow-pipe.  This  was  silica  derived  from  the  hydro- 
fluchsiUdc  acid,  evolved  from  the  mixture,  and  proof  of  the 
presence  of  fluorine. 

Another  sample  of  the  brain  was  rubbed  up  with  powdered 
hydraife  of  potassa  and  calcined  magnesia  to  a  paste  calcined 
in  platinum,  saturated  with  water  glass,  again  heated  to-  drive 
off  the  water,  powdered  and  mixed  with  oil  of  vitriol  in  a  flask. 
The  vertical  eduction  tube  was  of  nearly  half  an  inch  calibre 
and  four  inches  high,  and  connected  with  a  smaller  curved 
tabe,  which  dischai^ed  under  water.    On  applying  heat  to  the 

A.  A.  A-  8.  VOE.  XVn.  23 
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flask,  there  appeared  a  white  powder  along  the  molBtened 
eduction  pipe  and  the  cnrred  tube,  and  finally  in  the  water, 
which  latter  readily  dissolved  in  potassa  liquor.  The  water 
glass,  magnesia  and  potassa,  as  well  as  the  sulphuric  acid, 
were  proved  to  be  free  from  fluorine.  This  experiment  was 
conclusive  as  to  the  presence  of  fluorine  in  the  brain. 

A  similar  experiment  with  the  residue  obtained  from  treating 
a  portion  of  the  brain  for  a  series  of  days  with  successive 
portions  of  nitric  acid  and  evaporating  to  dryness  yielded  a 
similar  result,  though,  for  some  reason,  not  so  marked  as  that 
obtained  with  the  ash  by  burning  the  quick  lime  mixture, 
and  also  by  the  process  with  water  glass. 


16.   On  the  Source  op  Free  Hydrochloric  Acid  in  the 
Gastric  Juice.  By  Professor  E.  N.  Horsford,  of  Cambridge. 

The  long  disputed  position  of  Prout,  that  the  gastric  juice 
contains  free  hydrochloric  acid,  was  at  length  established  by  C. 
Schmidt,  who  in  an  absolute  quantitative  analysis  of  the  juice 
found  about  twice  as  much  hydrochloric  acid  as  was  required 
to  neutralize  all  the  bases  present.  The  prolonged  discussion 
of  this  subject  now  since  1823,  has  brought  to  light  through 
the  researches  of  Lassaigne,  Tiedemann  and  Gmelin,  Berzelius, 
Lehmann,  Claude,  Bernard,  Blondlot  and  numerous  others,  the 
unmistakable  evidence  of  the  presence  of  lactic  acid,  and  of 
acid-phosphates  in  the  gastric  juice,  which  might  or  might  not 
be  due  to  the  presence  of  lactic  acid  or  hydrochloric  acid.  A 
point  of  special  interest  to  the  chemist  and  physiologist,  still 
remained,  and  was  this : 

How  could  free  hydrochloric  acid  be  secreted  from  the  blood 
which  is  an  alkaline  fluid?  This  question  was  submitted  to 
experiment  with  entirely  satisfactory  results. 

The  blood  freshly  drawn  consists  of  a  fluid  (the  plasma)  in 
which  there  are  myriads  of  exceedingly  minute  irregidarly 
spherical  bodies  (the  corpuscles)  swimming  about.  The  plasma 
consists  of  two  bodies,  one  of  which,  the  flbrine,  spontaneously 
separates  from  the  other,  the  serum.  The  corpuscles  are  little 
sacs  of  delicate  animal  membrane  enclosing  a  fluid.    This  fluid 
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has  an  acid  reaction  and  its  ash  contains  a  monobasic  alkaline 
phosphate.  The  fibrine  of  the  plasma  contains  a  monobasic 
phosphate  of  lime,  thongh  the  plasma  as  a  whole  has  an  alka- 
line reaction,  and  its  ash  contains  a  great  excess  (11  per  cent.) 
of  chloride  of  sodinm  (conmion  salt).  The  moist  corpuscles 
constitute  about  one-half  of  the  blood. 

The  relations  of  the  fluid  within  the  corpuscles  to  the  plasma 
which  surrounds  them,  is  the  same  as  that  of  the  yolk  to  the 
white  of  the  egg^  and  the  ratio  of  the  fixed  base  to  phosphoric 
acid  is  alike  in  both  cases. 

1 :  1  in  blood  corpuscles,  |  1 :  1  in  egg  yellow.* 

The  ash  of  albumen  contains  nearly  one-third  of  its  phos- 
phoric acid,  as  monobasic  phosphate  (3.79  :  1.15)  according  to 
Poleck,  while  the  same  analyst  gives  for  the  analysis  of  the 
yellow  66.70  per  cent,  of  phosphoric  acid,  of  which  41.33  per 
cent,  is  free. 

Under  pressure  the  fluid  contents  of  the  corpuscles  pass 
through  their  membranous  walls,  and  through  the  walls  of  the 
nutritiye  capillaries.  Such  pressure  exists  when  the  blood 
ressels  of  a  particular  organ  are  engorged,  as  the  blood  vessels 
of  the  stomach  always  are  in  healthy  digestion.  Engorgement 
is  the  equivalent  of  obstruction.  Under  the  pressure  that 
follows,  the  fluid  contents  of  the  corpuscles  will  pass  through 
their  membranous  walls  and  mingling  with  the  relatively  less- 
ened plasma,  pass  on  through  the  walls  of  the  capillaries.  It  is 
obvious  that  the  acid  character  of  this  mixed  fluid  is  simply  a 
question  of  the  relative  amount  of  acid  fluid  pressed  from  the 
corpuscles,  and  of  alkaline  plasma  which  the  expressed  fluid 
finds.  Under  such  pressure  the  areolar  tissue  under  the  mucous 
membrane  is  charged  with  the  mixed  fluids  of  the  corpuscles 
and  plasma.  This  mixture  contains,|^therefore,  acid  phosphates 
and  chloride  of  sodium. 

The  mucous  membrane  of  the  stomach  presents  on  its  under 
gurfkce  the  months  of  numerous  microscopic  tubes,  which  like 
a  stocking  are  sometimes  single  blind  sacs,  or  like  a  glove 
terminate  in  several  blind  sacks,  like  the  glove  flngers.  In  the 
bottoms  of  the  tubes  and  along  their  sides  are  several  closed 
spherical  sacs,  containing  other  lesser  sacs  and  fluid  within. 
*Iiiel>lg>B  Jain's  Berioht  I860,  p.  500. 
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The  tubes  as  a  whole  dip  down  into  the  spongy  tissue  that 
underlies  the  mucous  membrane,  where  they  are  surrounded  by 
the  fluid  poured  from  the  surrounding  net-work  of  nutritive 
capillaries,  which  fluid  contains  acid  phosphates  and  chlorides. 

Now  by  pressure  and  osmosis  a  portion  of  this  fluid  will 
pass  through  the  walls  of  the  gastric  tubes,  and  the  question 
is  whether  the  fluid  that  goes  through  will  contain  free  hydro- 
chloric acid. 

The  experiments  I  have  made  are  conclusive  on  this  point. 

By  employing  acid,  phosphate  of  lime  and  common  salt,  I 
had  this  advantage,  that  as  increased  acidity  on  the  one  hand 
is  a  just  inference  from  increased  alkalinity  on  the  other,  and 
as  increased  alkalinity  would  be  shown  by  the  precipitation  of 
phosphate  of  lime — a  visible  white  powder — I  could  determine 
the  qualitative  fact  without  the  difficulties  and  delay  attendant 
on  accurate  quantitative  analysis  of  the  solutions  on  both  sides 
of  the  membrane  before  and  after  the  experiment. 

With  acid  phosphates  of  lime  in  my  earlier  experiments  I 
was  embarrassed  with  the  presence  of  sulphate  of  lime  in  the 
powder,  so  that  what  was  at  first  supposed  to  be  pure  phos- 
phate of  lime,  was  found  to  be  in  part  sulphate  of  lime.  This 
sulphate  was  due  to  imperfectly  washed  parchment  paper  em- 
ployed as  a  dialyser.  This  difficulty  overcome  the  experiments 
were  made  with  parchment  paper  prepared  from  Grerman  and 
Swedish  filter  paper,  as  well  as  with  gold-beater's  skin. 

I  employed  acid  phosphate  of  lime,  successively,  with  chlo- 
ride of  sodium ;  chloride  of  potassium ;  chloride  of  ammonium ; 
chloride  of  magnesium ;  chloride  of  calcium ;  with  all  of  which 
there  was  the  same  kind  of  evidence  of  increased  alkalinity  on 
one  side,  and  of  course  corresponding  increased  relative  acidity 
on  the  other.  The  same  effect  took  place  with  acid  phosphate 
of  soda  and  chloride  of  calcium. 

It  follows  then  from  what  we  know  of  the  composition  of 
the  blood,  its  ^ndition  in  the  walls  of  the  stomach,  and  the 
structure  of  the  gastric  tubules  that  free  or  uncombined  hydro- 
chloric acid  must  find  its  way  into  the  sacs  at  the  bottom  of 
the  tubules.  It  is  of  course  mixed  with  acid  phosphates  and 
alkaline  chlorides.  The  sacs  at  the  bottom  of  the  tubules,  by 
a  secondary  dialysis,  concentrate  the  acid  solution.    Swelling 
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by  endosmosis,  and  corroded  by  the  acid  juice,  at  length  they 
bnrst,  and  the  liquid  contents,  together  with  the  disintegrated 
and  partially  digested  membrane  of  the  sacs,  pass  ont  to  the 
stomach  to  constitute  the  gastric  juice,  the  free  hydrochloric 
add  and  the  disint^rated  tissue  (the  pepsine?),  to  act  in  the 
liquefaction  of  the  food. 


17.  Ok  the  action  op  Light  upon  the  Bromibe  and  Iodide 
OF  SiLYER.    By  M.  Carey  Lea,  of  Philadelphia,  Pa. 

The  object  of  the  following  paper  will  be  to  contribute  the 
result  of  some  new  experiments  which,  when  taken  together 
with  observations  already  made,  may  add  something  to  our 
knowledge  of  this  very  difficult  subject. 

It  is  an  already  ascertained  and  accepted  fact  that  when 
bromide  of  silver  is  exposed  to  light,  it  undergoes  decompo- 
sition with  elimination  of  either  bromine,  or  a  bromine-com- 
pound, whilst  it  is  itself  reduced  to  a  sub-bromide.  This  re- 
duction is  accompanied  with  a  very  distinct  darkening.  I  have 
myself  recently  repeated  this  experiment  under  conditions  of 
which  I  sometime  back  laid  down  as  the  basis  for  accurate  in- 
vestigation in  this  direction,  viz.,  that  thin  films  of  the  silver  ha- 
loid, whether  bromide  or  iodide,  should  be  formed  to  the  abso- 
lute exclusion  of  all  organic  matter.  This  I  effected  by  silvering 
a  plate  of  coarsely  ground  glass  with  specular  metallic  silver. 
Its  film  was  then  converted  into  bromide  or  iodide  as  might  be 
desired,  by  plunging,  in  the  one  case  into  a^  bath  of'  strong 
bromine  water,  in  the  other,  into  a  solution  of  iodine  in  iodide 
of  potassium.  These  plates  when  thoroughly  washed,  afforded 
films  of  the  pure  silver  compound  in  a  condition  as  convenient 
for  experiment  as  if  the  compound  had  been  supported  on 
paper,  coUodion  or  other  basis,  and  free  from  the  fatal  objec- 
tion of  the  presence  of  organic  matter,  an  objection  which  has 
already  vitiated  so  many  laborious  examinations  in  this  field. 
In  the  present  case,  it  was  found  that  such  a  film  of  bromide 
of  silver  by  long  exposure  under  a  design  cut  out  of  an  opaque 
object,  gave  a  strongly  marked  image,  'fiie  exposure  required 
is  a  long  one ;  — fifteen  minutes  of  bright  sunshine  yielded  no 
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result,  but  four  hours  gave  a  distinct  impression — this  is  when 
the  bromide  is  pure  and  isolated. 

It  is  also  an  established  fact  that  no  such  result  can  be 
obtained  with  pure  iodide  of  silver  likewise  isolated.  The 
most  careful  investigators,  amongst  whom  I  may  cite  Dr. 
Vogel  of  Berlin,  have  failed  to  detect  any  elimination  of 
iodine,  nor  is  a  visible  image  obtained  by  an  exposure  of  equal 
length  to  the  foregoing. 

These  premises,  correct  in  themselves,  have  led  to  certain 
erroneous  conclusions,  as  I  shall  endeavor  presently  to  show. 

It  is  a  well  established  fact  that  an  exceedingly  brief  expos- 
ure to  light,  will,  under  favorable  circumstances,  produce  a 
UUent  image  on  either  iodide  or  bromide  of  silver ;  this  image, 
invisible  at  first,  is  brought  out  by  the  application  of  suitable 
developers. 

Now  if  we  admit  that  iodide  of  silver  is  incapable  of  chem- 
ical decomposition  by  the  sun's  rays,  we  are  forced  at  once  to 
the  conclusion  that  the  latent  image  impressed  upon  it  by  light, 
is  purely  physical  in  its  nature,  since  there  is  obviously  no 
other  alternative.  This  question  is  one  which  I  have  devoted 
much  study  to,  and  recorded  results  elsewhere  strongly  sup- 
porting the  physical  theory.  It  is  not  my  intention  to  discuss 
that  part  of  the  subject  here,  but  to  examine  the  state  of  the 
question,  more  especially  as  regards  the  bromide  of  silver. 

As  bromide  of  silver  is  well  known  to  undergo  a  distinct 
chemical  decomposition  by  the  action  of  light,  it  has  never 
seemed  necessary  to  apply  to  it  the  hypothesis  of  the  formation 
of  a  physical  image.  It  seemed  probably  more  natural  to 
suppose  that,  as  a  prolonged  exposure  to  light  produced  a 
visible  image,  so  a  very  brief  one  produced  an  image,  which, 
though  invisible,  was  of  precisely  the  same  nature  as  the  visi- 
ble image ;  that  is,  an  image  which  though  invisible  fh>m  its 
excessive  thinness  and  delicacy,  yet  formed  the  nucleus  which 
by  development  became  the  visible  image.  This  view  was  thor- 
oughly consistent  with  the  common  analogies  presented  by 
photographic  operations,  in  which,  by  the  continued  action  of 
developers,  an  image  though  exceedingly  thin  at  first,  was 
gradually  brought  out  to  any  desired  strength.  It  will  be  my 
object  here  to  show  that  this  view,  plausible  as  it  is,  is  wholly 
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incorrect,  and  that  bromide  of  silver  under  suitable  conditions 
is  capable  of  forming  a  latent  image  in  which  chemical  decom- 
position plays  no  part,  and  which,  therefore,  must  be  considered 
as  a  mere  molecular  alteration,  a  physical,  as  contradistin- 
gniahed  fh>m  a  chemical  image. 

Bat  this  physical  image  on  bromide  of  silver  is  extremely  and 
remarkably  different  from  that  found  upon  iodide  of  silver.  The 
following  statemopts  will  place  the  difference  in  a  strong  light. 

1.  The  physical  image  is  formed  on  iodide  of  silver  isolated 
from  all  other  bodies. 

2.  That  on  bromide  is  found,  so  far  as  my  experiments  have 
gone,  only  in  the  presence  of  organic  matter, 

3.  The  physical  image  oh  iodide  of  silver  can  be  called  forth 
in  the  presence  of  silver  or  of  some  other  metallic  body*  only. 

4.  The  physical  image  on  bromide  of  silver  can  be  developed 
in  the  complete  absence  of  any  metallic  body. 

These  four  distinctive  positions  are  based  upon  a  very  careM 
series  of  experiments  made  by  myself.  The  third  of  these 
positions,  viz.,  that  the  invisible  image  upon  pure  iodide  of 
silver  isolated  from^all  other  bodies  can  be  evoked  in  the  pres- 
ence of  nitrate  of  silver  only,  has,  I  believe,  never  before  been 
made,t  and  it  is  contrary  to  views  which  I  have  myself  before 
entertained  and  expressed,  which  I  avail  myself  of  this  oppor- 
tunity to  correct. 

I  proceed  to  the  proof  that  a  true  physical  image,  apart 
from  chemical  decomposition,  may  be  formed  upon  bromide  of 
silver.  This,  as  I  have  already  said,  takes  place  in  the  pres- 
ence of  an  organic  body. 

Let  a  collodion  containing  bromide  of  silver  and  free  nitrate 
of  silver  be  extended  on  glass.  Let  this  after  setting  be  washed 
under  a  stream  of  water,  and  then  be  plunged  into  a  solution 
of  tannin,  and  dried.  We  have  here  a  sensitive  dry  plate. 
Let  this  be  exposed  for  a  brief  time  in  the  camera.  A  latent 
image  is  formed.  Let  us  now  plunge  the  plate  into  a  solution 
of  pyrogallic  acid ;  the  image  appears. 

*I  hare  shown  elsewhere  that  ttiese  hnages  may  be  deyeloped  with  proto-nitrate 
of  Bierenry. 

t  Until  the  experiments  were  made  upon  which  this  paper  is  based,  it  had  neyer 
been  ascertained  whether  the  alkaUne  development  hi  the  absence  of  sliver,  so 
effKtoal  with  toromide  of  sliver,  was  possible  npon  pore  iodide.  These  experi- 
ments decided  the  question  in  the  negative. 
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In  the  ordinary  development  of  a  dry  plate,  the  above  may 
or  may  not,  form  a  part  of  the  whole  operation.  Let  us  here 
separate  it  from  any  other  operations  and  consider  it  apart. 

What  can  have  caused  the  latent  image  to  appear?  It  could 
not  have  been  that  an  infinitesimal  chemical  image  of  sub- 
bromide  of  silver  acting  as  a  nucleus,  was  brought  up  by  the 
action  of  the  developer  to  a  visible  intensity,  because  pyro- 
gallic  acid  by  itself  has  no  power  to  do  this,  free  nitrate  of 
silver  must  be  present,  and  in  this  case,  none  was  so,  as  it  had 
been  removed  by  washing. 

Thus,  as  we  are  absolutely  excluded  from  this  explanation, 
we  find  but  one  alternative,  namely,  that  that  portion  of  the 
film  upon  which  the  light  had  acted,  was  so  modified  thereby, 
that  it  was  brought  into  a  condition  to  be  more  easily  decom- 
posed by  pyrogallic  acid  than  the  portion  which  had  not  been 
acted  upon.  We  have  just  seen  that  we  are  excluded  from  the 
supposition  that  the  modification  was  chemical ;  it  must  there- 
fore have  been  molecular  or  physical. 

Perhaps  this  may  be  rendered  clearer  by  the  following  argur 
ment.  • 

Bromide  of  silver  is  almost  colorless ;  sub-bromide  is  deep 
blackish  brown  in  color. 

At  the  beginning  of  the  operation,  namely,  before  the  expos- 
ure, the  film  was  colorless. 

At  the  end  of  it,  when  the  image  has  been  evoked,  that  image 
consists  of  deeply  colored  sub-bromide. 

Now  the  coloration  takes  place  only  after  the  application  of 
the  pyrogallic  acid,  and  it  is  evident  that  the  chemiccU  decom- 
position is  simultaneous  with  the  coloration ;  consequently  the 
modification  which  took  place  during  the  exposure  was  not 
chemical,  but  purely  physical. 

It  is  unquestionably  true  that  a  prolonged  exposure  will 
produce  a  visible  image  independently  of  development;  not 
an  exposure  of  the  length  previously  spoken  of,  measured 
by  hours  of  bright  light,  for  there  the  bromide  was  isolated, 
and  here  it  is  supposed  to  be  in  contact  with  more  than  one 
organic  substance,  but  a  comparatively  short  one  in  the  camera 
may  produce  traces  of  an  image.  But  the  complication  here  is 
only  a  seeming  one. 
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If  it  were  necessary  in  the  case  of  a  bromide  film  (as  it  is  in 
that  of  an  iodide)  that  free  nitrate  of  silver  should  be  present, 
it  then  might  be  alleged  that  the  strong  visible  image  had  been 
boilt  up  upon  a  thin  invisible  one.  But  this  is  not  at  all  so. 
Admit  in  the  case  of  a  bromide  film  that  a  visible  image  is 
present,  and  let  us  argue  on  such  a  case. 

The  production  of  a  visible  image  unquestionably  indicates 
(80  far  as  tha€^  image  is  concerned)  chemical  decomposition. 
But  when*  we  apply  pyrogallic  acid,  we  do  not  build  up  on  that 
image,  for  silver  in  solution  must  be  present  for  that.  There 
being  none  present,  there  is  no  possible  way  in  which  the 
strong  visible  image  can  come  out,  except  by  the  decomposition 
of  portions  of  bromide  of  silver,  not  previously  decomposed, 
and  this  by  the  agency  of  the  pyrogallic  acid. 

If  then  this  be  so,  if  portions  of  the  bromide  film  not  decom- 
posed by  light,  but  simply  acted  upon  by  it,  are  subsequently 
decomposed  by  the  action  of  pyrogallic  acid,  whilst  those  por- 
tions of  the  film  not  infiuenced  by  light,  are  not  decomposed 
by  the  pyrc^allic  acid,  then  it  follows  that  the  action  of  the 
light  was  so  far  simply  physical. 

On  such  a  plate,  then,  when  exposed  to  light,  two  actions 
manifest  themselves.  There  is  a  slow  chemical  action,  which 
if  it  be  continued  sufiSciently  long,  may  be  carried  to  any 
extent.  But  there  is  also  a  much  more  rapid  molecular  change, 
so  that  before  the  chemical  image  is  visible,  there  has  been 
formed  a  physical  image  capable  of  development  by  pyrogallic 
acid.  And  after  a  visible  chemical  image  has  been  produced 
by  prolonged  exposure,  there  is  simultaneously  present  a 
physical  image  which  is  capable  of  development  by  agents 
which  have  no  action  whatever  upon  the  chemical  image  also 
present,  and  can  neither  add  to  nor  take  from  the  latter's 
intensity,  but  which  bring  out  the  previously  physical  image 
into  a  strength  far  greater  than  that  of  the  previously  visible 
image. 

In  the  foregoing  explanation  I  have  carefully  placed  aside 
the  alkaline  method  of  development,  because  if  I  had  argued 
upon  it,  it  might  have  been  alleged  that  the  carbonate  of 
ammonium    employed  (for    example)   dissolved    bromide    of 
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silver  firom  the  film  and  so  afforded  a  soluble  silver  salt  towards 
building  up  a  visible  image  upon  an  invisible  chemical  nucleus. 
To  avoid  this  objection  I  have  selected  a  case  in  which  it  cannot 
be  alleged  that  any  trace  of  a  soluble  sUver  salt  is  present. 
We  are  thus  thrown  back,  for  the  production  of  the  devel- 
oped image,  upon  the  bromide  of  silver  in  the  film,  and  thus 
we  distinctly  recognize  the  fact  that  the  bromide  of  silver  has, 
by  the  infiuence  of  the  light  acquired  a  property  which  it  had 
not  before,  namely,  a  greater  facility  for  decomposition  by 
pyrogallic  acid.  As  the  act  of  this  acquisition  was  attended 
by  no  chemical  decomposition  (which  set  in  only  when  the 
pyrogallic  acid  was  applied)  it  must,  I  think,  be  admitted  that 
I  have  demonstrated  that  bromide  of  silver  may,  under  favor- 
able circumstances,  receive  a  physical  or  purely  molecular 
impression  firom  light,  leading  to,  but  in  itself  distinct  firom, 
chemical  alteration. 


18.  The  Application  of  Carbonic  Acid  Gas  in  the  Extin- 
guishment OF  FiBE.    By  E.  L.  Buttrick,  of  Chicago. 

The  powerM  effect  of  carbonic  acid  gas  in  checking  com- 
bustion has  long  been  known.  Since  the  time  of  Sir  Hum- 
phrey Davy,  who  was  one  of  the  first  to  describe  its  properties 
and  portray  its  effects  as  a  tre  subduing  agency,  a  vast  amount 
of  scientific  research  and  mechanical  ingenuity  have  been 
expended,  in  order  to  render  it  available  in  the  service  of  man, 
to  stay  the  progress  of  that  destructive  element,  which  at  times 
defying  all  human  control  and  all  the  simpler  antagonisms  of 
nature,  destroys  the  proudest  monuments  of  art,  and  sweeps 
away  in  an  hour  the  accumulated  results  of  centuries  of  toil. 

During  the  past  sixty  years,  both  in  England  and  on  the 
continent  of  Europe,  there  have  been  numerous  contrivances, 
many  of  them  quite  ingenious  in  their  mechanical  details,  to 
accomplish  that  result,  which  when  arrived  at,  it  was  known 
firom  the  chemical  properties  of  the  agency  employed,  would 
give  to  man  a  more  complete  and  immediate  control  of  the 
destructive  element  of  fire,  and  render  it  quite  impossible 
for  any  extensive  conflagrations  to  occur  in  the  fixture,  like 
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those  which  in  the  past  have  swept  awaj  the  substance  of  thou- 
sands of  people,  and  blighted  the  prosperity  of  towns  and 
cities. 

Bat  until  recently  scientific  research  and  mechanical  skill 
hare  fkiled  in  all  their  endeavors  to  utOize  the  gas  for  this 
purpose  to  any  considerable  extent.  Indeed,  so  elaborate  had 
been  the  plans,  so  ntimerous  the  contrivances,  and  so  frequent 
and  complete  the  failures,  that  the  author  of  a  recent  able  and 
comprehensiTe  English  treatise  upon  the  subject  of  extinguish- 
ing fires,  expresses  the  opinion  that  it  is  useless  to  push  such 
investigations  farther,  as  in  the  very  nature  of  things  it  is  not 
possible  by  any  mechanical  contrivance,  to  render  the  use  of 
carbonic  acid  gas  at  all  available  as  an  adjunct  of  the  fire 
department,  and  a  co-worker  with  man  in  protecting  life  and 
property  firom  the  perils  of  fire. 

How  ill  grounded  were  the  conclusions  of  the  author  referred 
to,  the  progress  of  events  during  the  last  few  months  has 
tfectually  demonstrated,  for  in  various  towns  and  cities  of 
the  United  States,  fix>m  Portland  in  Maine,  to  MilwauMe  in 
Wisconsin,  the  fact  has  been  demonstrated  to  thousands  of 
astonished  and  admiring  spectators ;  and  as  we  are  informed 
without  a  word  of  cavil,  either  from  men  of  science  or  those 
unlearned  in  its  mysteries,  that  the  machinery  was  really 
invented ;  cheap,  simple  and  powerful,  capable  of  producing 
carbonic  acid  gas  instantaneously  and  constantly,  to  an  un- 
limited extent,  which  when  so  produced  could  be  directed 
upon  any  part  of  a  burning  building  by  the  same  means,  with 
the  same  precision,  and  with  twenty  times  the  effect  that  a 
stream  of  water  could  be  directed  from  such  engines  as  are 
now  in  common  use. 

Thus  it  seems  to  have  been  reserved  for  our  own  country  to 
demonstrate  that  the  inventive  genius  of  her  dtizeniEi  which 
achieved  for  her  such  renown  in  the  telegraph,  the  reaper  and 
the  sewing  machine,  was  still  unexhausted,  and  capable  of 
winning  new  triumphs  even  where  other  nationalities  had 
totally  failed. 

Before  describing  the  invention  to  which  it  is  the  purpose  of 
this  paper  to  call  your  attention,  it  may  be  proper  to  give  a 
brief  sketch  of  other  inventions  for  this  same  object,  which 
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take  precedence  in  point  of  time,  and  have  attracted  consider- 
able attention  in  both  hemispheres. 

The  first  is  a  claim  for  an  invention  for  utilizing  carbonic 
acid  gas  in  the  extinguishment  of  fire  by  A.  Yignon,  of  Lon- 
don, who  procured  a  patent  in  the  United  States  in  1862. 
His  claim  consists  of  the  employment  of  a  solution  of  carbonic 
acid  gas  in  water,  either  at  high  or  low  pressure,  for  extin- 
guishing fires  on  land  or  on  board  vessels,  and  the  construction 
and  employment  of  apparatus  either  portable  or  fixed,  for 
extinguishing  fires  in  which  a  solution  of  carbonic  acid  gas  in 
water  is  prepared  and  stored  up,  and  whence  such  solution  is 
ejected  with  the  requisite  force  without  the  aid  of  pumps.  But 
Yignon  describes  in  his  claim  no  apparatus  by  which  a.  solu- 
tion of  carbonic  acid  gas  in  water  may  be  made  available,  and 
there  is  no  evidence  that  any  apparatus  constructed  by  him  for 
that  purpose  ever  came  into  practical  use.  After  this  an 
attempt  was  made  to  apply  free  carbonic  acid  gas  to  the  extin- 
guishment of  fire,  by  means  of  what  is  known  as  Phillip's 
Annihilator,  but  the  invention  proved  impracticable,  ^m  the 
fact  that  the  gas  could  not  be  directed  with  certainty  upon  any 
given  point.  The  next  attempt  to  utilize  this  gas  for  the 
purpose  mentioned  was  more  successM.  It  is  an  English 
invention,  and  is  used  to  a  very  great  extent  in  Europe,  where 
it  is  known  as  Seavey's  Fire  Extinguisher,  and  in  this  country 
as  Barogwanath  and  YanWiskers'  Improved  Fire  Annihilator 
or  Portable  Fire  Extinguisher.  It  consists  of  a  cylinder,  in 
which  by  an  ingenious  contrivance  the  bi-carbonate  of  soda 
and  acids  are  confined  in  solution,  by  which  carbonate  acid  gas 
is  generated  in  large  quantities.  To  the  cylinder  is  attached  a 
faucet  connected  with  a  short  hose.  When  the  faucet  is  opened 
the  pressure  of  the  gas  is  such  that  the  contents  of  the  cyl- 
inder are  thrown  out  with  considerable  force.  These  cylinders 
hold  from  three  to  eight  gallons,  and  are  designed  to  be  carried 
on  the  back  by  persons  using  them  at  a  fire.  This  little  inven- 
tion is  of  great  value  in  extinguishing  incipient  fires,  and  is 
very  extensively  used  in  manufactories  and  large  public  build- 
ings. It  is  entirely  practical  in  its  results,  and  so  far  as  its 
power  extends  accomplishes  the  object  for  which  it  is  designed. 
But  something  more  was  needed  than  the  construction  of  a 
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simple  machine  for  the  production  of  a  carbonic  acid  gas  to 
quench  fire  in  the  incipient  stages  of  combustion ;  and  pos- 
sessing more  power  than  could  be  derived  from  the  expansive 
force  of  the  gas  generated  by  the  acidulous  and  alkaline  solu- 
tions, and  that  want  has  at  last  been  supplied.  The  apparatus 
consists  of  an  engine  in  the  ordinary  form  of  a  hand  fire 
engine,  except  that  the  ^^tub"  forming  the  body  of  the  engine 
is  divided  into  two  compartments,  in  each  of  which  is  a  force- 
pump  of  the  usual  form  of  construction,  connected  by  proper 
metallic  pipes  and  valves  with  a  metallic  air  chamber  firmly 
attached  to  the  platform  upon  which  the  tub  rests  on  a  level 
with  its  bottom,  and  located  between  the  two  compartments. 
To  the  air  chamber  a  hose  is  attached  for  the  conveyance  of 
the  stream  to  any  point  desired,  as  in  the  case  of  an  ordinary 
fire  engine.  In  case  of  fire  the  separate  compartments  are 
supplied  with  water,  and  into  each  of  them  is  thrown  such 
acid  and  alkaline  preparation  as  will  best  subserve  the  purpose 
of  generating  carbonic  acid  gas,  having  always  in  view  econ- 
omy of  material  in  comparison  with  the  results  to  be  attained. 
The  acid  and  alkaline  solutions  are  inert  or  quiescent  until 
they  are  brought  together  in  the  air  chamber,  and  this  is  done 
by  means  of  the  pumps,  which,  worked  in  the  usual  manner, 
force  at  every  stroke  the  contents  of  each  compartment 
together.  The  efiiervescence  is  then  instantaneous  and  com- 
plete, and  the  gas  is  evolved  with  such  rapidity  as  to  produce 
a  pressure  upon  the  air  chamber  equal  to  sixty  pounds  to  the 
square  inch,  which  can  be  maintained  continuously,  so  long  as 
the  pumps  are  worked  and  the  tanks  supplied  with  water  and 
the  necessary  chemicals.  To  the  expansive  force  of  the  gas 
produced  in  the  close  air  chamber,  is  added  the  additional 
arbitrary  power  of  the  pumps,  whatever  it  may  be,  dependent 
upon  the  relative  size  of  the  cylinders  to  the  power  exerted  at 
the  brakes.  It  has  been  demonstrated  by  repeated  experi- 
ments, that  a  small  hand  engine  not  lai^er  than  those  used 
for  garden  purposes,  and  worked  by  two  men,  can  throw  a 
stream  of  carbonic  acid  gas  and  water  combined,  through  a 
three-quarter  inch  hose  and  quarter-inch  aperture  at  the  pipe, 
that  is  more  efifeotive  in  subduing  a  conflagration  than  a  stream 
of  simple  water  thrown  by  the  ordinary  hand  fire  engine,  when 
worked  by  the  xinited  power  of  forty  or  fifty  men. 
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It  is  quite  uimeoessary  for  me,  in  such  a  presence,  to  detail 
the  manifest  advantages  of  this  simple  mechanical  contrivance, 
whereby  a  well  known  scientific  principle,  the  absolute  cer- 
tainty of  which  has  long  been  known  and  demonstrated,  is 
thus  made  applicable  to  usefiil  ends,  and  rendered  subservient 
to  the  welfare  of  man  in  the  protection  and  preservation  of 
property  and  life.  Your  own  studies  have  led  you  into  such 
investigations  as  will  enable  you  to  appreciate,  far  better  than 
any  suggestions  of  mine  can  aid  you  to  comprehend,  the  vast 
and  beneficent  results  to  our  country  and  mankind  which  are 
to  flow  from  the  increased  power  it  gives  to  control  that  fiery 
element,  which  when  under  proper  restraint  is  always  the  Mend 
and  servant  of  mankind,  but  once  his  master  proves  the  enemy 
and  destroyer  of  his  property  and  his  hopes. 


19.  On  THE  Combining  Power  of  Chemical  Elements.    By 
Samuel  D.  TUlman,  of  New  York. 

Since  the  promulgation  of  the  doctrine  of  types  and  sub- 
stitutions, the  saturating  powers  of  chemical  bodies  have  been 
quite  satisfactorily  represented  by  symbols.  The  prominence 
which  the  subject  of  atomicity  has  recently  assumed  is  partly 
the  result  of  the  plain  and  simple  manner  of  illustrating  it. 
By  means  of  the  new  notation  and  several  additional  char- 
acters or  signs,  an  ideal  structure  of  a  chemical  body  is  repre- 
sented ;  for  of  the  real  structure  nothing  is  known.  In  it  the 
saturating  power  of  an  atom  or  a  combination  of  atoms  is 
measured  by  degrees,  the  lowest  power  being  taken  as  the  unit 
of  measurement.  A  given  number  of  combining  units  require 
a  like  number  of  other  combining  units  to  complete  the  struc- 
ture. The  new  body  is  always  the  result  of  duality,  and  its 
form  or  type  will  be  retained  while  its  chemical  fimctions  may 
be  entirely  changed  by  displacement ;  for  certain  parts  of  the 
structure  may  be  removed  provided  a  substitution  of  the  same 
equivalence  is  made  to  preserve  the  molecular  equilibrium. 
Thus  the  chemist  assigns  substitution-values  to  every  simple 
and  complex  radical,  and  designating  them  l\y  numbers,  fh>m 
one  up  to  six,  is  prepared  to  combine  his  symbols  in  a  process 
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of  matching,  which,  although  quite  as  simple  as  that  with 
dominoes,  affords  the  highest  satisfaction,  because  it  is  always 
associated  with  the  order,  rapidity  and  precision  of  molecular 
changes*  Yet  this  kind  of  chemical  reckoning  has  one  serious 
drawback,  namely,  the.  atomicity  of  the  same  element  is  not 
an  invariable  value.  It  is  often  decreased  by  a  duplication  of 
similar  atoms,  and  in  some  remarkable  instances  among 
monads,  it  seems  to  be  increased  beyond  its  normal  energy  by 
a  kind  of  induction  which  has  not  yet  been  accounted  for. 
Saturating  power  depends  on  causes  and  conditions  still  wrapt 
in  obscurity.  Equivalence  involves  higher  questions  than  those 
of  quantity  and  quality,  as  these  terms  are  appUed  to  ponder- 
able matter,  for  two  elements  having  diverse  chemical  functions 
and  widely-differing  atomic  weights,  like  hydrogen  and  chlo- 
rine, sometimes  assume  the  same  relative  position  in  the  mazes 
of  chemical  combination.  In  many  instances  attractive  force 
or  affinity  seems  subservient  to  fitness  of  place;  hence  has 
arisen  the  distinction  of  chemical  and  mechanical  or  molecular 
types,  which  can  only  imply  that  one  kind  of  force  is  more 
effective  than  another  in  completing  what  may  be  termed  the 
symmetry  of  the  chemical  structure.  The  smallest  quantity  of 
an  element  which  can  enter  into  combination  has  an  invariable 
weight,  and  doubtless  a  normal  sphere  of  attraction,  which 
may  be  modified  in  its  relations  to  that  of  another  element,  on 
changing  the  rate  and  range  of  the  undulations  of  the  inter- 
atomic medium  through  the  agency  of  light  or  heat;  or  on 
disturbing  its  general  equilibrium  by  what  is  termed  electric 
force.  It  is  evident  that  the  minute  changes  which  a  molecule 
undergoes  in  chemical  action  involves  a  problem  of  motions 
too  complex  for  complete  solution. 

Considerable  diversity  of  opinion  still  exists  among  ad- 
vanced chemists  both  as  to  the  best  form  of  types  and  the 
highest  saturating  power  of  several  elements.  Indeed  the 
value  of  the  same  element  varies  so  much  under  different 
conditions,  that  some  writers,  regarded  as  authorities,  are  now 
inclined  to  include  all  simple  bodies  in  two  classes,  one  em- 
bracing combining  units  expressed  by  even  numbers,  and  the 
other  those  expressed  by  odd  numbers.  Some  of  the  late 
conclusions  of  the  ablest  advocates  of  the  new  views  would 


192  A.   MATHEMATICS,  PHYSICS,  AKD   CHEMISTBT. 

seem  to  obliterate  even  this  single  dividing  line  of  distinction. 
Professor  Wurtz  of  the  College  of  France,  in  his  admirable 
lectures  on  ^"  Types  and  Atomicity,"  is  reported  by  the  London 
Chemical  News  as  saying :  ^'  Nitrogen  seems  to  us  diaitomic  in 
the  binoxide  of  nitrogen."  This  body  according  to  the  new 
notation  is  a  combination  of  one  atom  of  nitrogen  (14)  with 
one  of  oxygen  (16).  The  statement  taken  literally  would 
place  nitrogen  in  both  classes  alluded  to.  With  equal  consist- 
ency it  may  be  asserted  that  nitrogen  in  the  peroxide  of  nitro- 
gen is  tetratomic;  and  by  a  parity  of  reasoning  nitrogen 
becomes  a  Proteus  among  types !  Now,  while  it  is  admitted 
that  only  two-thirds  of  the  normal  saturating  power  of  an  atom 
of  nitrogen  is  expended  in  combining  with  one  of  03^gen,  it 
may  with  great  plausibility  be  assumed  that  the  remaining 
unexpended  combining  unit  actually  determines  the  value  of 
this  body  as  a  monad  radical.  It  cannot  exist  in  a  separate 
state,  but  two  such  compound  atoms  or  atomoids  will  unite  like 
two  atoms  of  nitrogen,  to  form  a  molecule.  In  this  manner 
the  peroxide  of  nitrogen  is  shown  to  be. also  monatomic, 
because  two  atoms  of  the  dyad  oxygen  have  a  substitution 
value  of  four,  and  exceed  by  one  that  of  nitrogen.  In  one 
case  the  value  of  the  radical  is  expressed  by  3 — 2,  and  in  the 
other  by  4 — 3.  Nitrous  anhydride  and  nitric  anhydride  are 
formed  on  the  water-type  by  the  addition  of  an  atom  of  oxygen 
to  two  of  these  radicals  respectively.  The  lowest  oxide  of 
nitrogen,  laughing  gas,  is  an  inert  body  having  neither  alkaline 
nor  acid  characteristics.  Its  atomoid  contains  two  atoms  of 
nitrogen  and  one  of  oxygen,  and  its  combining  power  is 
expressed  by  2  X  3  —  2.  Should  it  hereafber  be  found  to  act  as 
a  radical  it  is  here  predicted  that  its  value  will  be  tetratomic. 
An  example  bearing  still  more  directly  on  the  question  of 
the  atomicity  of  nitrogen  is  that  of  cyanogen,  an  atomoid  of 
which  contains  an  atom  of  carbon  (12)  and  an  atom  of  nitrogen 
(14).  K  these  two  atoms  meet  on  equal  terms,  either  the 
carbon  atom  becomes  a  triad,  or  the  nitrogen  atom  a  tetrad. 
On  the  other  hand  if  it  is  assumed  that  both  elements  retain 
their  normal  saturating  power,  carbon  as  a  tetrad  and  nitrogen 
as  a  triad  we  satisfactorily  account  for  its  monatomic  substi- 
tution-value which    is  expressed  by  4  —  3.     In  its  general 


A.   HATHEMATICS,  PHYSICS,   AND  CHEHISTRT.  198 

behavior  this  radical  resembles  the  halogens ;  thns  presenting 
an  apparent  anomaly  in  the  formation  of  a  compound  having 
powerftil  electro-negative  characteristics  found  in  neither  of  its 
constitaents,  and  proving  that  the  predominence  of  atomicity 
in  an  element  does  not  necessarily  impart  to  the  body  of  which 
it  forms  a  part  any  of  its  chemical  fhnctions ;  in  other  words, 
that  the  atom  of  lowest  combining  value  is  not  merged  in  that 
of  the  highest,  but  that,  as  between  the  two,  the  merging  is 
miitaal ;  the  result  being  an  absolutely  new  body  bearing  no 
resemblance  to  its  constituents  in  a  separate  state,  and  exhibit- 
ing only  that  relation  to  them  which  arises  from  the  law  of 
differential  atomicity.  This  law  was  expressed  in  a  paper  read 
by  me  before  this  Association  in  1866,  as  follows :  '^  The  atom- 
icity of  a  torso  (that  is  an  imperfect  body  having  no  separate 
existence)  or  of  a  radical  containing  one  atom  of  an  element 
united  to  one  or  more  atoms  of  another  element  is  equal  to  the 
difference  between  the  normal  saturating  power  of  its  compo- 
nents/' 

It  is  difl9cult  to  trace  ali  the  steps  of  the  resulting  atomicity 
in  bodies  containing  only  two  elements  when  the  atoms  of  both 
elements  are  duplicated,  because  such  duplication  involves  an 
unequal  decrease  in  their  normal  atomicity.  However,  in  a 
homologous  hydrocarbon  series,  in  which  the  number  of  atoms 
of  each  element  forming  a  molecule  increase  by  arithmetical 
progression,  the  lowest  supposable  combination  will  be  the 
measure  of  the  atomicity  of  the  sum  of  the  carbon  atoms  in 
every  member  of  the  series ;  for  example,  the  body  not  yet 
isolated  consisting  of  one  atom  of  carbon  and  two  atoms  of 
hydrogen  would  have  a  combining  power  expressed  by  4 — 2 ; 
accordingly  we  find  that  ethylene,  and  every  other  homologue 
has  the  value  of  a  dyad  and  may  be  united  with  two  atoms 
more  of  hydrogen.  Thus  in  the  hydride  of  methyl  series,  the 
saturating  power  of  a  given  number  of  condensed  carbon  atoms 
is  expressed  by  the  number  of  hydrogen  atoms  in  the  combi- 
nation, which  is  the  measure  of  the  power  of  the  same  number 
of  carbon  atoms  in  other  bodies ;  for  example,  the  composition 
of  hydride  of  (Bthyl  proves  that  two  atoms  of  carbon  play  the 
part  of  a  hexad,  therefore  the  saturating  power  of  acetylene, 
composed   of  two  atoms  of  carbon  and  two  of  hydrogen  is 
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expressed  by  6 — 2.  This  branch  of  the  subject  cannot  be 
presented  even  in  outline  without  the  use  of  symbols ;  and  as 
the  symbols  I  use  are  not  yet  generally  adopted,  and  might 
divert  attention  from  the  principal  points  to  be  elucidated,  I 
do  not  propose  to  introduce  them  in  the  present  paper. 

Our  subject  in  its  broadest  meaning  includes  investigations 
relating  to  the  diversity  of  composition  in  chemical  bodies. 
The  cause  of  this  diversity  may  be  assigned  in  a  general  way 
to  affinity,  by  affirming  that  a  powerM  electro-positive  element 
combines  most  directly  and  intimately  with  a  powerftil  electro- 
negative, producing  at  once  a  compound  in  the  most  condensed 
state ;  as  for  example,  sodium  and  chlorine  in  forming  common 
salt,  while  elements  having  less  affinity  may  unite  by  degrees 
in  a  variety  of  forms,  as  seen  in  the  combinations  of  oxygen 
with  nitrogen,  sulphur  and  the  halogens.  This  tendency  to 
diversity  is  more  remarkable  among  metalloids  than  among 
metals,  for  the  latter,  with  one  exception  are  solids,  and  in 
general,  are  not  readily  brought  into  the  liquid  and  gaseous 
states. 

Nothing  in  the  whole  range  of  nature's  operations  excites 
greater  wonder  than  the  fact  that  a  large  majority  of  the  chem- 
ical bodies  derived  from  the  organic  kingdom  are  composed  of 
the  same  three  or  four  elements,  which  by  diversity  of  combi- 
nation give  as  great  a  variety  of  characteristics.  In  ammonia, 
nitric  acid,  laughing  gas,  defiant  gas,  ether,  alcohol,  aniline, 
water,  spermaceti  and  the  gaseous  mixture  forming  the  atmos- 
phere, a  combination  of  two  or  more  of  these  elements  exhibit 
the  most  striking  contrasts.  On  examining  hydrogen,  oxygen, 
nitrogen  and  carbon,  separately,  among  other  peculiarities  will 
be  found  the  following : 

1.  Three  of  them  are  permanent  gases  which  have  resisted 
all  attempts  to  liquify  them  by  means  of  cold  and  pressure ; 
and  the  fourth  is  a  permanent  solid,  which  in  its  purest  form, 
the  diamond,  has  maintained  the  same  state  under  the  highest 
degree  of  heat  yet  applied. 

2.  These  elements  are  colorless  under  all  attempts  to  change 
their  natural  state,  yet  by  combination  they  evince  every  tint 
and  shade  of  color. 

3.  Takmg  the  weight  of  the  hydrogen  atom  at  1,  the  combin- 
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ing  nombers  of  oxygen,  carbon  and  nitrogen  are  low  multiples 
of  the  prime  numbers  2,  3  and  7,  respectively ;  from  which  the 
inference  is  drawn  that  harmonic  relations  exist  between  the 
Tibrations  or  undulations  produced  by  or  in  these  elements. 
These  coincidences  may  seem  to  have  little  significance,  but 
when  taken  in  connection  with  the  remarkable  relations  of 
atomic  weights  of  three  elements  in  several  different  groups 
disoovered  by  Dumas,  and  the  general  difference  in  the  atomic 
weights  of  nearly  all  the  elements,  as  pointed  out  by  M.  Carey 
Lea,  they  indicate  the  connecting  links  between  form  and 
motion,  an  allusion  to  which  will  be  found  in  a  previous  paper 
on  harmonic  relations,  and  seem  to  confirm  the  surmise  that  all* 
chemical  elements  are  the  offspring  of  the  universal  sether,  first 
quickened  by  the  divine  Author  of  all,  and  ever  moving  in 
accordance  with  His  stupendous  plan. 

To  return  to  nitrogen ;  its  connection  with  the  highest  prime 
number  which  belongs  to  harmony,  would  indicate  that  it  does 
not  frequently  and  readily  enter  into  chemical  combination. 
A  natural  inquiry  arises  here,  whether  any  element  supplies  the 
missing  prime  number  ?  The  atomic  weight  of  calcium  is  a  mul- 
tiple of  the  prime  5.  This  brilliant  yellow  metal  enters  into 
the  composition  of  all  bone,  and,  in  combination  with  oxygen 
and  phosphorus,  forms  the  foundation  of  the  animal  structure. 
Ample  reasons  may  be  adduced  for  not  finding  in  the  atomic 
weight  of  phosphorus  more  simple  numerical  relations ;  how- 
ever some  significance  must  be  given  to  the  fact  that  phos- 
phorus forms  just  one-fifth  of  the  weight  of  animal  phosphate. 
Two  other  elements  entering  into  the  animal  organization  are 
connected  by  similar  numerical  relations  with  those  already 
mentioned,  sulphur  with  oxygen,  and  iron  with  nitrogen. 
Other  interesting  coincidences  might  be  pointed  out  did  they 
not  give  too  much  prominence  to  views  which  at  present  will 
be  r^arded  as  merely  speculative. 

4.  The  normal  saturating  power  of  hydrogen,  oxygen, 
nitrogen  and  carbon,  are  respectively  as  1, 2,  3  and  4.  Binary 
combinations  of  these  elements  will  indicate  the  direction  in 
which  we  are  to  look  for  the  principal  cause  of  diversity  in  the 
composition  of  organic  bodies.  Of  hydrogen  and  oxygen 
only  two  combinations  are  known:  of  nitrogen  and  oxygen, 
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five ;  of  hydrogen  and  nitrogen,  one ;  of  carbon  and  nitrogen, 
one ;  while  of  carbon  and  hydrogen  over  thirty  have  been  thus 
far  isolated.  The  remarkable  tendency  of  the  lightest  gas  and 
the  most  impenetrable  solid  to  combine  in  definite  proportions, 
and  to  condense  by  degrees,  thus  forming  homologous  gases  of 
different  densities,  as  well  as  liquids  and  solids  of  different 
boiling  points,  must  be  assigned  as  the  principal  cause  of  the 
diversity  of  composition  found  in  the  many  hundred  com- 
pounds of  which  these  two  elements  form  a  part. 

Berthelot  has  recently  demonstrated,  by  numerous  experi- 
ments, that  alcohols,  ethers,  aldehydes,  alkaUes,  acids  and 
*other  compounds  containing  Carbon,  may  be  decomposed  by 
the  action  of  hydriodic  acid  and  heat,  and  converted  generally 
into  homologues  of  the  hydride  of  methyl  series ;  and  he  has 
expressed  the  opinion  that  the  carbon  in  all  organic  bodies 
may  be  thus  saturated  with  hydrogen.  The  startling  conclu- 
sion to  be  drawn  from  his  experiments,  the  facts  set  forth  in 
this  paper,  and  all  previous  experiments  showing  the  disposi- 
tion of  hydro-carbons  to  combine  with  other  elements  is,  that 
the  great  antipodes  in  extension,  carbon  and  hydrogen,  play 
the  principal  parts  in  the  composition  and  decomposition  of  all 
bodies  derived  from  the  organic  kingdom. 


20.  On  Some  New  Chemical  Relations  of  Metallic  Alu- 
MINT7M.    By  Professor  Henry  Wurtz,  of  New  York. 

The  more  important  of  the  facts  which  led  my  investigations 
into  this  direction  were  observed  in  December,  1864 ;  and  some 
account  of  them  was  first  offered  at  a  meeting  of  the  New 
York  Lyceum  of  Natural  History  in  November  last. 

To  render  myself  Mly  intelligible  at  this  time  (especially  as 
no  publication  has  been  made  by  the  New  York  Lyceum,  or 
otherwise,  as  yet)  it  is  necessary  that  I  resume  concisely  the 
whole  subject  frx>m  the  beginning. 

Aluminum,  the  most  abundant  of  metals,  has  been  deemed 
a  chemical  paradox.  Though  among  metals  one  of  the  longest 
to  elude  isolation,  and  not  known  to  exist  in  the  native  state, 
yet  it  is  found  to  assimilate  itself,  when  pure,  with  gold,  plati- 
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nam,  etc.,  a  class  of  metals  always  found  native,  and  which 
varies  diametrically  fh>m  almninmn  in  their  relations  to  electro- 
negative elements.  My  observations,  as  I  believe,  ftimish  the 
key  to  unlock  this  paradox. 

In  a  paper  in  the  ^^  American  Journal  of  Science,"  March, 
1866, 1  have  shown  that  aluminum  presents  a  parallelism  to 
most  native  gold  in  its  relations  to  quicksilver ;  both  showing 
normally  a  powerful  superficial  repulsion  for  the  liquid  metal, 
while  in  both  cases  the  addition  of  a  trace  of  sodium  converts 
the  repulsion  into  a  positive  and  powerAil  attraction. 

The  analogy  holds  good  also  in  another  point,  namely,  that 
mere  abrasion  or  incision  of  either  metal,  thus  developing  an 
artificial  surface,  shows  immediate  adhesion  of  the  quicksilver 
to  such  new  surface.  Here,  however,  the  analogy  ceases,  and 
in  ftust  this  adhesion  is  far  more  difficult  to  exhibit  with  Al 
than  with  Au,  the  former  metal  presenting  the  singular  phe- 
nomenon of  an  extension  of  the  lamina,  which  is  passive  or 
^pellent  to  quicksilver,  to  some  appreciable  depth  under  the 
surface ;  while  in  the  case  of  Au  this  lamina  is  but  the  thinnest 
possible  film.  Hence  it  is,  probably,  that  the  remarkable 
relations  of  Al  to  Hg  escaped  observation  until  my  experi- 
ments with  amalgam  of  sodium.  Also  as  I  have  remarked  in 
the  paper  before  cited,  while  Au  is  quickly  penetrated  by  Hg 
at  the  points  of  contact,  forming  an  amalgam ;  Hg  after  being 
made  to  adhere  to  Al,  either  by  rubbing,  or  by  Na,  is  readily 
*'  wiped  off  again  dean,  as  water  may  be  from  glass."  In  this 
latter  point  the  analogy  of  Al  is  stronger  with  platinum  than 
with  gold. 

Both  cast  and  wrought  aluminum  behave  alike  in  these 
respects.  If  a  piece  of  sheet  aluminum,  with  edges  freshly  cut 
or  broken,  be  instantly  immersed  under  quicks^ver,  penetration 
of  the  latter  at  such  edges  generally  commences  at  once,  and 
proceeds  rapidly ;  so  that  in  a  brief  time  the  sheet  may  be  split 
(either  partially  or  wholly)  into  two,  brightly  enfilmed  on 
tiieir  inner  surfaces.  The  phenomenon  is  still  more  strikingly 
shown  by  bending  sharply  under  quicksilver  a  piece  of  toler- 
ably thick  sheet  aluminum.  Sometimes  at  the  first  bend  the 
metal,  otherwise  so  tough,  breaks  short  off,  generally  with  a 
strongly  marked  laminated   fracture,  the  two  exterior  layers 
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parting  along  separate  lines,  so  that  brilliantly  enfilmed  internal 
surfaces  are  exposed. 

If  such  enfilmed  surfaces  be  now  exposed  to  the  air,  best 
after  wiping  off  the  excess  of  quicksilver  adherent,  a  singular 
phenomenon  will  be  witnessed.  Their  brightness  is  instantly 
tarnished,  and  in  a  few  seconds  an  efflorescent  growth  appears j 
so  rapid  as  to  be  visible  to  the  eye ;  this  efflorescence  being 
composed,  as  I  have  found,  of  pure  hydrate  of  alumina,  in  the 
form  of  single  threads  and  filamentary  bunches.  Under  the 
magnifier  the  growth  of  the  feathery  mass  of  slender  curved 
filaments  on  such  a  surface  of  aluminum,  is  a  sight  of  a  very 
peculiar  and  unprecedented  character.  The  more  moisture 
there  is  in  the  air  the  more  rapid  the  action.  The  evolution 
of  heat  accompanying  the  combustion  is  readily  perceptible  to 
the  hand ;  and,  by  certain  modifications  (sodium  being  used 
to  effect  a  rapid  enfilming)  may  easily  be  made  intolerable 
thereto ! 

Two  new  and  startling  conclusions  are  thus  forced  upon  us, 
which  I  shall  put  into  the  form  of  axioms  or  postulates  of  a 
new  theory  of  the  nature  of  aluminum,  to  wit : 

1.  Our  ordinary  or  normal  and  stable  form  of  aluminum  is 
in  reality  correspondent  to  what  is  known  as  the  ^'passive" 
(usually  highly  unstable)  form  of  other  metals  (as  the  well- 
known  "passive  iron"  for  example)  ;  or,  as  I  should  prefer  to 
say:-r-the  resultant  of  the  forces  that  aluminum  encounters 
when  isolated,  under  ordinary  conditions,  places  its  surface  in 
an  electronegaMve  state  or  aUitvde  towards  oxydizers. 

2.  Absolute  molecular  or  chemical  contact  with  quicksilver 
produces  an  extraordinary,  imstable  and  abnormal  form,  cor- 
responding to  the  normal  forms  of  sodium  and  potassium ;  or,  as 
I  would  express^it: — quicksilver,  by  absolute  contact,  induces 
upon  the  surface  of  aluminum  that  intensely  active  dectroposi- 
tive  aUitvde  towards  oxygen  and  water  which  we  have  hit&erto 
known  only  as  an  attribute  of  the  alkali-metals. 

In  my  experimental  investigation  of  this  theory,  the  follow- 
ing questions  and  hypotheses  have  been  examined : 

Question  1.  Most  essential  of  all.  May  it  not  be  due  merely 
to  a  very  fine  division  or  diffusion,  as  in  an  amalgam  of  Al? 

A  negative  reply  is  inferable  from  the  fact  that  fine  division 
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otherwise  produces  no  snch  phenomenon ;  bat  a  cracial  test  is 
to  attempt  io  prodnce,  what  on  this  hyx)othesis  should  be 
producible,  a  solution  or  fluid  magma  of  Al  in  Hg  presenting 
the  phenomenon.  Neither  with  hot  nor  cold  Hg,  with  nor 
without  Na,  can  any  such  solution  or  magma  be  obtained.  In 
fact,  even  if  the  coating  of  Hg  on  the  Al  has  an  appreciable 
thickness,  no  action  takes  place,  except  at  the  edges  of  immer- 
sion. 

The  penetration  I  have  described  of  Hg  between  the  lamins§ 
of  a  sheet  of  Al  appears  similar  to  that  in  Professor  Henry's 
lead-sjrphon. 

Question  2.  Is  the  new  phenomenon  to  be  classed  with  those 
of  the  pyrophori  (like  iron  reduced  by  H,  Pb  from  the  ignited 
tartrate,  etc.)  which  bum  spontaneously  to  anhydrous  oxyds, 
independently  of  atmospheric  moisture  ?  Answered  readily  by 
enclosing  enfllmed  aluminum  in  jars  of  air  previously  dried  by 
sulphuric  acid  and  by  chloride  of  calcium.  It  was  found  to 
remain  bright  for  hours. 

Question  3.  Is  the  phenomenon  then  analogous  to  those  of 
E  and  Na,  when  exposed  to  the  air ;  and  accompanied  by  the 
production  of  a  hydrate  ?  Ignition  of  the  effloresced  product 
in  a  glass  tube,  and  collection  of  the  condensed  water,  ans- 
wered this  question  in  the  affirmative. 

I  infer  from  these  facts  that  unless  we  have  here  come  upon 
an  entirely  new  class  of  relations,  destitute  of  any  known 
analogue,  we  must  conclude  that  Al  in  this  new  state  corres- 
ponds with  the  ordinary  states  of  the  alkali-metals.  The  pos- 
sibility of  passive  forms  of  E  and  Na  is  here  suggested ;  and 
that  of  a  permanently  passive  state  of  iron,  corresponding  to 
the  ordinary  form  of  Al.  This  latter  possibility  is  not  without 
support  on  other  groimds ;  as  analogies  with  other  metals,  and 
particularly  the  many  recorded  cases  of  accidental  production 
of  iron  highly  resistant  to  oxygen ;  insomuch  that  most  chem- 
ists find  it  necessary  to  explain  its  usually  rapid  rusting,  by 
suppositions  of  voUaio  actions  arising  from  lack  of  homo- 
geneity, and  so  on ;  thus  implying  a  belief  in  a  natural  highly 
resistant,  if  not  whoUy  passive  form.  I  may  add  that  the 
passive  state  if  discoverable,  will  doubtless  be  found  inherent 
only  in  9k  pure  iron,  hardly  attainable  by  the  modes  of  manufac- 
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ture  in  use ;  and  suggest  trials  by  modes  analogous  to  that  for 
Al,  namely  by  decomposition  by  Na  of  ferrous  or  ferric  chlo- 
ride or  other  haloid  iron  compound  in  anhydrous  form.  Perti- 
nent hereto  is  the  consideration  of  the  familiar  modes  of 
producing  external  passive  films  on  commercial  iron,  involying 
Toltaic  conditions  not  at  all  understood. 

Much  time  has  been  spent  by  me  in  testing  the  question  of 
the  existence  of  an  amalgam  of  Al  or  of  any  real  solvent 
action  of  Hg  upon  Al,  but  with  negative  results.  Fine  filings 
or  scrapings  of  Al  or  leaf  Al  may  be  incorporated  with  Hg, 
by  rubbing  in  a  mortar,  into  a  pasty  mass.  This  mass,  how- 
ever, does  not  exhibit  the  phenomenon  of  spontaneous  combus- 
tion, simply  because  of  the  complete  envelopment  of  each 
particle  of  Al  by  the  Hg ;  all  access  of  atmospheric  moisture 
to  the  former  being  thus  debarred.  An  experiment,  remarkably 
confirmatory  of  the  opposite  internal  and  external  conditions 
of  Al,  and  in  other  respects  highly  curious,  is  made  by  simply 
throwing  a  piece  of  Al  leaf  upon  a  clean  pool  of  EEg.  Instant 
and  powerful  adhesion  is  manifested,  the  leaf  flattening  itself 
out  Just  as  a  leaf  of  Ag  would  under  the  circumstances.  This 
appears,  however,  to  be  due  merely  to  the  cohesive  attraction  of 
the  two  films  of  air  condensed  upon  the  two  metallic  surfaces ; 
for  no  spontaneous  os^dation  of  the  Al  ensues,  after  ever  so 
prolonged  contact.  K  now  the  edges  of  the  leaf  be  simply 
tom^  while  lying  on  the  Hg,  at  every  such  torn  edge  real 
chemical  adhesion  is  developed,  and  a  conversion  of  the  leaf 
into  a  white  powder  of  hydrate  of  alumina  will  commence, 
which  will  propagate  itself,  though  with  extreme  aloumess  across 
the  whole.  The  slowness  of  the  change  in  this  case  being 
clearly  due  to  the  fact  that  the  action  of  the  Hg  is  but  through 
the  excessively  tenuous  internal  lamina  of  the  leaf,  which  is 
not  passive  to  Hg. 

The  inference  might  be  made  by  some,  that  it  will  be  neces- 
sary, to  avoid  presumed  danger  from  spontaneous  combustion, 
to  keep  Al  and  Hg  careflilly  apart,  at  least  when  in  any 
considerable  masses;  but,  for  several  reasons  (though  such 
precaution  will  actually  be  necessary  on  other  grounds)  little 
danger  may  be  apprehended  on  the  ground  of  fire :  Ist,  because 
of  the  very  high  capacity  of  Al  for  heat ;  2d,  because  of  the 
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rapid  development  of  an  obstacle  to  the  access  of  moist  air, 
throagh  the  accomulation  of  the  feathery  hydrate ;  3d,  and 
most  conclnslye :  through  the  quick  dissipation  of  the  exciting 
agent,  the  Hg,  by  elevation  of  heat.  Enfilmed  Al,  when 
heated  above  ebullition  of  Hg,  assumes  a  surface  which, 
whUe  dull  and  metallic,  is  again  passive. 

Still,  contact  of  Hg  will  be  destructive,  to  a  ruinous  extent, 
to  all  articles  made  of  Al ;  a  conclusion  from  my  observations 
of  obvious  practical  and  commercial  importance. 

Enfilmed  Al  in  water  produces  but  a  slow  effervescence,  and 
the  question  occurs  whether  the  insolubility  of  the  hydrate 
interferes.  Addition  of  sulphuric  acid,  however,  does  not  set 
up  any  more  rapid  action;  so  that  it  seems  likely  that  the 
intensity  of  the  iction  in  air  may  be  due  to  cooperation  of  the 
free  oxygen  of  the  air. 


21.  Ok  the  Condition  op  our  Knowledge  op  the  Processes 
IN  LuMiNons  Htdrocarbon  Flames.  By  Professor  Eugene 
W.  Hilgard,  of  Oxford,  Mississippi. 

For  more  than  half  a  century  after  Sir  Humphrey  Davy's 
important  investigations  of  the  subject  of  flames,  the  experi- 
ments and  explanations  of  that  eminent  philosopher  have 
passed,  unchallenged  and  almost  unchanged,  into  text-books 
and  lectures.  As  regards  luminous  flames  especially,  he  estab- 
lished the  necessity  of  the  presence  of  a  solid  incandescent 
body  to  produce  useful  luminosity;  and  in  reference  to  the 
flames  of  hydrocarbons  in  particular,  he  suggested  that  the 
liberation  of  carbon  in  them  was  owing  to  the  combustion  of 
the  hydrogen  of  the  compound  in  advance  of  its  carbon,  the 
latter  being  heated  to  incandescence  by  an  oxyhydrogen  flame, 
as  it  were,  and  failing  to  be  consumed  until  all  the  hydrogen 
was  first  oxidized. 

It  is  remarkable  that  an  explanation  so  directly  at  variance 

with  the  daily  experience  of  blacksmiths,  and  with  a  lecture 

experiment  performed  even  in  the  most  elementary  course  of 

chemistry,  could  so  long  have  passed  current ;  for  the  decompo- 

siUon  of  steam  by  ignited  charcoal  into  hydrogen  and  carbonic 

2% 
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oxide  gases  is  an  old  observation.  Nay,  most  of  ns  who  hare 
performed  this  experiment  on  the  lecture  table,  have  been  in 
the  habit  of  passing  the  gas  through  lime  water  or  potash  lye, 
to  free  it  from  carbonic  acid  before  showing  its  properties. 
And  yet  we  were  taught,  and  have  ourselves  taught,  that  in  the 
flame  hydrogen  burnt  first  and  carbon  afterward,  and  any 
doubt  on  the  subject  was  quieted  by  a  reflection  about  the 
influence  of  ^'  chemical  mass  "  on  afOnity. 

When,  in  1852,  I  was  a  student  in  the  laboratory  at  Hei- 
delberg, to  which  Bunsen  had  then  but  Just  been  called,  he 
suggested  to  me  as  an  interesting  subject  of  investigation,  the 
composition  of  the  gases  in  the  various  portions  of  the  flame ; 
stating  at  the  same  time  that  the  prevalent  opinion  concerning 
the  respective  aflSnities  of  hydrogen  and  carbon  for  oxygen 
were  certainly  erroneous:  that  when  mixtures  of  carbonic 
oxide  and  hydrogen  were  exploded  with  oxygen  in  the  eudi- 
ometer, the  distribution  of  the  latter  took  place  according  to 
some  law  dependent  upon  the  relative  proportions  between  the 
combustible  gases,  and  also  the  amount  of  oxygen  present,  but 
discriminating  widely  in  favor  of  carbon.  The  experiments 
upon  which  this  opinion  was  based  are,  probably,  those  given 
in  his  ^'  Gasometric  Methods"  at  the  conclusion  of  the  chapter 
on  the  combustion  of  gases. 

In  order  to  study  the  processes  taking  place  in  the  flame,  it 
became  necessary  to  investigate  first  of  all  the  composition  of 
the  gases  in  the  interior  cone,  from  which  the  flame  derives  its 
substance.  I  constructed  a  lamp  adapted  to  the  introductioh 
of  a  suction  tube  into  the  flame  from  below,  and  made  a  series 
of  flfreen  analyses  of  the  gases  so  collected  at  various  points  of 
the  interior  cone  of  the  flames  of  beef  tallow,  and  of  wax. 
The  low  temperature  known  to  prevail  in  this  portion  of  the 
flame  rendered  it  least  adapted  to  elucidating  the  mooted  ques- 
tion of  affinities ;  but  being  the  generator  from  which  the  other 
portions  of  the  flame  are  supplied,  a  knowledge  of  its  compo- 
nent gases  was  indispensable.  My  analyses  (published  in  Lie- 
big's  Annalen  der  Chemie  und  Pharmacie,  vol.  xcii,  p.  129, 
1854)  showed,  however,  the  existence  even  in  the  highest  por- 
tion of  the  cone,  of  free  hydrogen  with  a  large  excess  of  car- 
bonic oxide  and  carbonic  acid ;  the  amount  of  hydrogen  varying 
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bat  little  from  base  to  point,  while  the  carbonic  acid  increased 
in  aboat  the  same  ratio  as  nitrogen,  i.e.,  in  proportion  to  the 
oxygen  entering  the  flame.  Bonsen  as  well  as  myself  failed, 
however,  to  draif  the  legitimate  conclnsions  from  these  facts 
at  the  time;  the  more  as,  with  the  materials  I  used,  it  was 
impossible  to  follow  the  formation  of  water  by  progressive 
oxidation. 

The  latter  difBcolty  was  avoided  by  Landolt,  who,  two  years 
later,  took  op  the  same  subject,  the  failure  of  my  health  having 
rmdered  doubtful  the  prospect  of  my  ever  being  able  to  resume 
it,  so  as  to  carry  out  the  proposed  investigation  of  the  other 
parts  of  the  flame! 

Landolt*  used  illuminating  gas  of  known  composition,  and 
was  therefore  enabled  to  determine  the  deficient  factor  in  my 
analyses,  viz.,  water.  So  far  as  comparable  his  results  in  gen- 
eral confirmed  mine.  He  felt  compelled  by  the  increase  of  free 
hydn^en  in  the  higher  parts  of  the  flame  examined  by  him,  to 
assume  the  occurrence  of  a  reaction  between  free  carbon  and 
(pre-formed)  water ;  but  he  also  failed  to  draw  the  inevitable 
ecMiclusion  as  to  what  mu^  happen  in  the  luminous  cone. 

A  later  research  of  Lunge  f  on  the  composition  of  the  gas 
contained  in  the  interior  cone  of  the  flame  of  a  Bunsen's  bur- 
ner, must^have  led  to  the  truth  of  the  matter,  by  showing  how 
little  oxygen  snflSced  to  render  a  flame  non-luminous  when 
previously  mingled  with  the  gas.  I  have  not  seen  Lunge's 
memoir;  but  he  likewise  seems  to  have  failed  to  draw  the 
iinportant  conclusion  of  which  his  analyses  must  have  contained 
the  elements. 

Next,  in  June,  1860,  comes  a  memoir  of  Erdmann,}  who  in 
discussing  the  principles  upon  which  his  gas-tester  (a  modifi- 
cation of  Bunsen's  burner)  is  based,  first  distinctly  enunciates 
that,  according  to  his  experiments,  the  carbon  in  a  flame  is 
oxidized  hef(yr^  the  hydr<^en,  and  that  the  separation  of  car- 
bon upon  which  luminosity  depends,  is  due  to  heat  alone,  as 
would  be  the  case  were  the  gas  passed  through  a  red  hot  tube. 
fliudlyi  eighteen  months  later,  we  have  an  elaborate  and 

•  Fojcg-  Ann.,  vol.  xdx,  p.  889. 

t  Annalen  der  Chemie  und  Pharmaoie,  toL  czli|  p.  903. 

X  J.  pr.  Chun.,  Jone  IMO,  p.  9U. 
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elegant  research  by  Kersten,*  wherein  he  proves  by  eudiometric 
experiments  that  (at  least  within  the  limits  of  the  proportions 
employed  by  him)  whenever  a  hydrocarbon  is  exploded  with 
oxygen  insufficient  to  bum  more  than  the  carbon  to  carbonic 
oxide  no  hydrogen  at  all  is  oxidized ;  but  that  as  between 
carbonic  oxide  and  hydrogen,  the  formation  of  carbonic  acid  on 
one  hand  and  of  water  on  the  other  depend  upon  '^chemical 
inass,"  as  Bunsen  had  already  shown. 

This  question  has  therefore  been  peremptorily  settled  by 
decisive  experiments,  as  much  as  eight  years  since.  Yet  the 
latest  editions  of  text-books  published  in  this  country,  and 
even  such  as,  like  the  excellent  work  of  Messrs.  Eliot  and 
Storer,  claim  to  represent  the  latest  state  of  the  science,  still 
retail  the  old  error  regarding  the  succession  of  oxidation. 

There  is  another  point  which,  though  I  took  special  pains  to 
demonstrate  the  facts  fourteen  years  ago,  is  still  incorrectly 
stated  in  almost  all  text-books  as  well  as  books  of  reference. 
I  allude  to  the  definition  of  the  several  essentially  distinct 
parts  of  the  flame.  Three  only  are  usually  mentioned,  viz.,  the 
inner  cone,  the  luminous  portion,  and  the  outer,  faintly  lumin- 
ous envelop  or  veil.  Yet  Berzelius  already  distinguished  the 
very  important  fourth  part,  viz.,  the  blue  cup-shaped  zone 
surrounding  the  base  of  the  flame,  which  is  as  sharply  deflned 
from  the  inner  cone,  as  from  the  outer  veil  with  which  it  is 
usually  confounded.  « 

That  this  blue  cup  is  identical  with  the  blue  cone  of  the 
blowpipe  oxidation-flame,  is  stated  by  Plattner  in  the  first 
edition  of  his  work  on  the  blowpipe.  Strangely  inconsistent 
with  his  own  definition,  he  nevertheless  teaches  that  the  blue 
cup  is  formed  by  the  combustion  chiefly  of  carbonic  oxide, 
produced  by  the  ''  first  and  weakest  efiect  of  the  heat  on  the 
fhel" —  an  assumption  as  little  justified  by  experiments  regard- 
ing such  action,  as  was  that  of  the  combustion  of  hydrogen 
previous  to  carbon.  It  is  palpably  inadmissible  in  reference  to 
the  blue  oxidation-cone,  which  is  of  course  identical  with  the 
fiame  of  a  Bunsen's  gas-burner — the  supply  of  oxygen  being, 
in  both  cases,  sufficiently  great,  and  so  mingled  with  the  entire 
gas,  as  to  suppress  the  separation  of  carbon. 

*  J.  pr.  Chem.,  Dec.  1881,  p.  d90. 
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The  part  performed  by  the  blae  cup,  viz.,  that  of  a  self- 
heating  retort  with  walls  impervious  to  oxygen,  in  which  dry 
distillation  is  accomplished ;  its  theoretical  import,  as  the  coun- 
terpart of  the  luminous  portion,  where  the  same  gases  are 
bomt  with  evolution  of  light,  render  the  neglect  with  which 
it  has  been  treated  doubly  surprising.  That  it  is  totally  dis- 
tinct finom  the  outer  veil  is  readily  perceived  when  the  eye  is 
protected  from  being  dazzled  by  means  of  a  screen  of  the  shape 
and  size  of  the  luminous  hollow  cone.  The  veil  is  then  seen 
surrounding  the  blue  cup  as  well  as  the  higher  portions  of  the 
flame,  and  is  thus  proved  to  be  nothing  more  than  a  zone  of 
glowing  gas;  which  of  course,  however,  cannot  be  strictly 
defined  from  the  luminous  envelop,  the  oxidation  being  a 
gradually  progressive  one,  from  the  highly  luminous  central 
portion  to  that  brownish,  semi-transparent  zone  of  transition, 
where  the  carbonic  oxide,  burning  simultaneously  with  hydro- 
gen, fails  to  produce  its  characteristic  blue  tint  because  of  the 
excessive  temperature  existing  there.  The  same  is  the  case 
when  it  is  burnt  by  itself  from  a  jet  kept  at  a  white  heat.* 

The  inner  cone,  too,  is  still  incorrectly  defined  as  ''  the  space 
containing  the  combustible  vapors  and  gases  generated  from 
the  wick."  This  would  lead  any  one  to  suppose,  that  the 
exteimal  atmosphere  had  only  the  effect  of  burning  off  the  out- 
side of  this  gaseous  mass,  and  some  text-books  have  gone  far 
in  the  graphic  delineation  of  this  process.  My  analyses  first 
proved,  fourteen  years  since,  that  even  in  a  tallow  flame,  char- 
acterized by  an  excess  of  fhel  over  the  available  oxygen,  the 
per  centage  of  nitrogen  gas  does  not  fall  below  flfty-nine  per 
cent,  in  the  lowest  part  of  the  flame,  and  increases  to  seventy- 
six  per  cent,  at  the  point  of  the  inner  cone,  with  from  ten  to 
fifteen  per  cent,  of  carbonic  acid.  The  products  and  educts  of 
combustion  therefore  greatly  exceed  the  combustible  gases, 
and  essentially  modify  the  processes  thereafter  occurring ;  for 
it  is  clear  that  in  the  luminous  portion,  the  water  and  carbonic 
acid  must  in  part  at  least  again  yield  up  their  oxygen,  before 
final  combustion. 

On  the  latter  point,  I  have  never  been  able  to  agree  with 
Bunsen,  who  maintained  that  the  combustion  of  the  carbon  in 
•See  QoMUik's  Handbook,  art.  Carbonlo  Oxide. 
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the  luminous  envelop  most  be  effected  by  free  oxygen  penetnu 
ting  into  it;  because  its  combustion  at  the  expense  of  the 
reduction  of  carbonic  acid  and  water,  could  not  be  the  cause  of 
such  intense  production  of  light  and  heat;  and  upon  his 
authority  I  reluctantly  adhered  to  this  view  in  my  paper,  above 
referred  to.  I  believe  with  Kersten  (1.  c.  p.  814),  that  the 
burning  surface  of  the  luminous  cone,  where  carbonic  oxide  and 
free  hydrogen  meet  the  oxygen  of  the  air,  is  the  sole  source  of 
the  heat  which  causes  the  intense  ignition  of  the  interior,  and 
that  the  oxidation  of  the  free  carbon  is  effected  only  through 
the  medium  of  the  intensely  heated  carbonic  acid  and  steam 
which  penetrate  from  the  outside.  I  habitually  compare  the 
process  taking  place  in  the  luminous  envelop,  to  what  would 
happen  if  illuminating  gas  were- passed  through  an  ignited  tube 
into  which  steam  and  carbonic  acid  are  injected  through  lines 
of  lateral  orifices.  The  ignited  carbon  set  free  by  heat  would 
render  the  interior  atmosphere  intensely  luminous  at  the  near 
end,  but  the  luminosity  would  rapidly  decrease  toward  the 
far  end,  where  we  would  have  such  a  mixture  of  carbonic  oxide 
and  hydrogen  as  that  which,  I  conceive,  is  burning  on  the 
surface  of  the  luminous  cone,  and  which  tJiere,  above  the  point 
of  the  latter,  produces  the  maximum  temperature. 

Unfortunately,  a  direct  solution  of  the  question  by  an  inves- 
tigation of  the  gases  contained  in  the  luminous  envelop,  is 
exceedingly  difficult.  Much  remains  to  be  done  in  the  study 
of  the  details  of  the  differentially  variable  processes  by  which 
the  familiar  phenomenon  of  a  luminous  flame  is  produced ;  but 
what  i$  known  is  at  least  worthy  of  a  place  in  the  text-books. 


22.    The  Mbteobites  from  Poland  and  Mexico.    By  Dr. 
Lewis  Feuchtwanger,  of  New  York. 

(▲B8TBACT.) 

The  specimen  here  exhibited  fell  80th  Januaiy,  1868,  in 
Pultuosk,  near  Warsaw  in  Poland,  and  I  saw  a  short  notice  of 
it  in  a  public  print,  of  the  wonderM  Bolis  of  Warsaw,  stating 
that  on  a  starlight  night  the  citizens  of  Warsaw  gased  petrified 
with  fear  at  the  rapid  iq>p]X>aoh  of  an  immense  ball  of  fire. 
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which  at  last  bordted  oTer  their  heads  with  a  noise  and  shock, 
snch  as  never  bad  been  heard  or  felt  before  on  the  surface  of 
the  earth.  After  the  globe  bursted,  each  of  the  pieces  in  turn 
•broke  np,  until  parts  of  the  mass,  before  reaching  the  earth, 
were  broken  up  in  small  masses  accompanied  by  discharges 
resembling  those  of  artillery,  and  several  of  them  resembling 
more  nearly  those  of  many  r^ments  of  small  arms ;  and  dur- 
ing these  several  discharges  millions  of  pieces,  mostly  rounded 
masses  with  a  black  metallic  coating,  were  found  scattered  in 
the  neighborhood,  which  from  appearance  are  the  Lithosider- 
ites  according  to  Shepard's  last  classification.  Mr.  Daubree 
has  presented  to  the  French  Academy  942  pieces  of  these 
broken  bodies,  and  an  analysis  of  their  exact  composition 
may  be  expected  from  that  gentleman,  but  I  have  not  seen  any 
notice  of  it  as  yet. 

The  Mexican  Meteorite*  But  a  small  piece  could  be  chiselled 
off  on  account  of  its  extreme  toughness  from  a  lump  of  800 
pounds  weight ;  in  all  were  eight  pieces  of  the  meteoric  irons 
landed  in  this  city  August  1st,  weighing  in  the  aggregate  about 
4  000  pounds,  frt>m  a  bark  sailing  from  Texas  from  where  they 
were  sent  by  Dr.  H.  B.  Butcher,  who  procured  these  masses  in 
the  spring  of  1868,  but  they  were  known  to  exist  ever  since 
1837  by  Dr.  Long,  who  resided  then  in  Santa  Rosa,  and  who 
gave  a  description  of  the  phenomena  attending  their  appear- 
ance, of  the  excitement  produced  by  many  citizens  who  were 
also  eye  witnesses  of  that  catastrophe;  and  that  gentleman 
stated  that  he  went  in  company  with  many  friends  in  search  of 
the  locality  where  these  meteorites  descended,  about  ninety- 
five  miles  west  of  Santa  Rosa,  but  was  then  unable  to  trace 
the  spot. 

Having  but  a  small  piece  at  command  for  analysis,  I  took 
repeatedly  the  specific  gravity  and  found  it  to  be  7.50  and  a 
hardness  of  3 ;  its  color  is  silver-white,  the  form  of  the  masses 
is  quite  angular,  but  rounded  at  the  ends,  a  number  of  air 
holes  from  one  to  two  inches  in  extent  is  visible  on  all  the 
eight  masses,  and  from  first  appearance  they  resemble  animal 
remains. 

The  chemical  analysis  yielded  me  ninety  per  cent,  iron,  nine 
per  cent,  nickel,  and  about  one  per  cent,  composed  of  other 
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foreign  substances,  with  a  trace  of  manganese  and  cobalt ;  by 
treating  the  small  piece  at  my  disposal  with  nitric  acid,  the 
Widmanstidi  figures  were  very  distinct.  It  was  impossible  for 
me  to  ascertain  whether  the  Schreibersite,  Troilite  or  Chama-. 
site  can  be  traced. 

Having  reflected  lately  on  the  subject,  and  comparing  the 
remarks  of  Mr.  Forrest  Shepard  in  his  letter  to  Professor 
Charles  U.  Shepard,  of  article  forty-seyen,  page  347,  in  "  Amer- 
ican Journal  of  Science  and  Arts,"  1866,  of  Major  Hamilton's 
journey  ftom  Santa  Rosa  westerly  to  Naricmento  about  ninety 
miles  north-west  from  Santa  Rosa,  who  described  the  narrow 
valley  of  a  quarter  of  a  mile  square  partially  overgrown  by 
palmetto  palms,  and  there  he  saw  fourteen  ponderous  masses 
of  native  iron,  the  lai^est  of  which  rose  upwards  of  four  feet 
above  the  ground,  having  the  form  of  a  bee-hive.  These  masses 
Professipr  Shepard  designated  as  the  Boranza  Meteorite,  wlfich, 
according  to  his  reported  chemical  composition,  appears  to 
correspond  with  the  results  obtained  by  me.  Mr.  S.  states  that 
the  residue  form  the  solution  in  nitric  acid  and  was  of  a  pulver- 
ulent nature,  which  was  also  the  case  in  my  examination,  and  I 
am  forcibly  impressed  with  the  idea  that  the  fourteen  masses 
spoken  of  by  Mr.  Forrest  Shepard,  are  identical  with  the  eight 
masses  which  Dr.  Butcher  procured  in  Mexico. 

It  is  likewise  apparent  to  me  that  Major  Emory's  iron 
masses  having  been  found  ninety  miles  north-west  from  Santa 
Rosa,  28°  latitude  and  101''  longitude,  are  identical  with  these 
eight  masses.  I  am  farthermore  inclined  to  the  belief  that  the 
meteorite  in  the  Smithsonian  Museum  at  Washington,  weighiug 
250  pounds,  and  stated  as  having  occurred  but  fifty-six  to  sixty 
miles  from  Santa  Rosa,  Coahuila,  is  one  of  the  fourteen  masses 
of  iron  spoken  of  by  Major  Hamilton. 

There  is  no  doubt  but  what  the  fall  of  those  iron  masses 
created  great  excitement  in  northern  Mexico  in  the  department 
of  Coahuila  about  thirty  years  ago ;  the  eight  masses  now  in 
Philadelphia  are  unquestionably  a  part  of  the  fourteen  masses 
mentioned.  The  inhabitants  of  that  neighborhood  were  all 
cognizant  of  the  existence  of  all  these  masses.  They  all  fell 
at  one  time  and  at  one  and  the  same  locality. 
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28.  The  Statics  of  the  Foitb  Ttfes  of  Mobebn  Cheuistrt, 
wim  E9PB0iAi«  BEGABD  TO  THE  Wateb  Type.  Bj  Frofessor 
Gufitavns  Hinrichs,  of  Iowa  State  University, 

It  has  taken  exactly  half  a  century  to  discover  and  flilly 
develop  the  ftmdamental  law  of  chemical  combinitions ;  and 
this  law  is  a  paradox^  for  it  states  that 

1  +  1  =  2  1  +  3  =  2 

1  +  2  =  2  1+4  =  2 

and  in  general  m  +  n=2,  for  the  component  and  resultant 
volumes  of  elements  and  compounds  in  the  gaseous  condition, 
llie  memorable  experiment  of  Oay-lMSsojc  in  1805,  establishing 
the  combining  ratio  of  oxygen  and  hydrogen  to  form  water  as 
one  to  two,  opened  this  line  of  research ;  in  A.  W.  Hoffinan's 
admirable  "  Introduction  to  Modem  Chemistry,  1865,"  the  law 
\B  clearly  stated,  as  above,  and  fhlly  supported  in  all  its  bear- 
ings by  ingenious  and  decisive  experiments. 

But  what  is  the  theoretical  consequence  of  this  remarkable 
law,  and  what  is  its  cause?  This  question  seems  not  yet  to 
have  been  touched  upon,  except  in  my  Atomechanics^  June, 
1867.  We  shall  here  consider  this  question  independently  of 
the  constitution  of  the  elements. 

In  older  branches  of  physical  science  similar  laws  are  known 
and  explained.  Thus  one,  two,  or  three  or  four  equal  weights 
may  balance  the  same  power,  by  means  of  a  lever  or  a  hy- 
draulic press ;  but  in  this  case  the  law  has  long  ago  been  fUUy 
explained  and  therefore  ceased  to  be  a  paradox. 

In  chemistry,  the  law  is  in  general  as  follows :  The  volumes 
of  two  elements  A  and  B  in  gaseous  condition  combine  accord- 
ing to  some  of  the  following  modes  or  types : 

1  volume  A+ 1  volume   B  giving  2  volumes  AB. 
1       "       4+2  volumes  B      "      2       "        AB, 
1       "       A+8       "       B  =  2  volumes  ABg 
1       "       A  +  4       "       B  =  2        «       AB4 

But  besides  theses  types  there  are  many  others,  as 

2  volumes  A  +  8  volumes  B  =  2  volumes  AJS, 

and  indeed,  organic  compounds  prove  that  in  general 

m  volumes  A+n  volumes  B  give  2  volumes  AmBg 

A.  A.  A.  s.  vol..  xvn.  27 
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The  high  theoretical  interest  of  this  law  is  very  much  izi^ 
creased  yet  by  the  fact  that  the  elements  have  a  definite  predi- 
lection for  some  one  of  these  types  (atomiciiy  of  the  elements). 
This  is  represented,  together  with  my  very  convenient  general 
symbols  (greek  initials)  of  the  groups  of  elements,  in  the 
following  table : 

HiNBiCHs'  Classification  of  the  Elements. 

MeUMoidi*  MekOSi 

MONATOMIC. 

CMoroidt,  X ;  Fl,  CI,  Br,  lo.  KoLoids,  K« ;  U,  Na,  Ea,  Bb. 

PawMd$y  Y;  H.  , 

Diatomig: 
SvI^Twidtt  e;  Oy  S,  Se,  Te.  Chalcoida,  Xa;  Ca,  Sr,  Ba. 

Cadmoids,  K«;  Mg,  Zn,  Cd,  Fb. 

Tbiatomig. 
Phosphoidt,  * ;  N,  P,  Ae,  Sb,  Bi.  Ferroids,  Zi ;  Al,  J^,  Bh,  Ir. 

Sideroids,  2^ :  Cr,  Mn,  Fe,  Nl,  Co. 

TEXRATOHIG. 

TUanoidt,  Tr;  C,  Si,  Ti,  Pd,  Pt, 

and  several  other  groups.  These  are  sufficient  for  our  present 
purpose  (Atomechaniky  Abschnitt  I).  The  symbols  here  intro- 
duced for  natural  groups  of  elements  will  be  found  exceeding 
convenient. 

The  law  of  combining  volumes  is  entirely  independent  of  the 
nature  of  the  combining  elements,  and  must  accordingly  be  due 
to  a  simple  mechanical  cause.  Thus  both  HsS  and  O^S  are  fol- 
lowing the  same  law  2  -^-  1  =  2  volumes,  although  in  HgS  we 
have  two  atoms  of  a  monatomic  element,  but  in  OjS  two 
atoms  of  a  diatomic  element.  So  also  N2O  and  O^  follow 
precisely  the  same  law ;  and  yet  in  the  one  we  have  two  atoms 
of  nitrogen,  but  in  the  other  two  atoms  of  oxygen. 

Hence  it  remains  to  find  the  mechanical  cause  of  this  con- 
densation; but  that  can  only  be  done  by  referring  to  the 
constitution  of  gaseous  elements  as  now  understood.  It  mat- 
ters nothing,  whether  we  take  the  molecular  or  the  atomic 
view,  that  is  whether  we  suppose  the  formula  of  Hydrogen  to 
be  H  (1  vol.)  or  HH  (2  vols.),  We  shall^adopt  the  former 
view,  because  the  latter  appears  to  be  disproved  by  TyndalPs 
experiments  on  the  absorption  of  radiant  heat.  (See  my  paper 
in  the  AToerican  Journal  of  Mining  for  March  2,  1868.) 

Let  us  then  represent  a  number  of  atoms  of  hydrogen  by  an 
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equal  number  of  adjacent  and  eqaal  sqaares,  as  Hofmawn  does ; 
thns  the  same  number  of  atoms  of  any  other  truly  gaseous 
element  nill  be  represented  by  the  very  same  figure,  so  far  as 
magnitude  of  the  9^a^  occwgied  is  concerned. 

But  it  is  yery  often  forgotten  that  the  ponderable  atoms  far 
from  Fnx  these  atomic  volumes  (squares  representing  cu5e«), 
and  that  the  degree  of  condensation  for  the  different  uncombined 
elements  is  very  different. 

In  regard  to  the  first  circumstance,  it  is  well  known  from  the 
excessive  increase  in  volume  npon  the  conversion  of  a  liquid 
into  gas,  and  by  the  high  expansibility  and  compressibility  of 
gases  themsell^,  that  the  solid,  ponderable  particle — cidled 
the  ATOBAB  in  Atomechanics — fills  but  a  very  small  portion 
of  the  atomic  volume  occupied  by  this  atom,  that  is  inside  of 
which  there  is  no  other  atobar.  Whether  it  be  vibratory  cal- 
oric motion  {Kronigj  Clausius^  TyndaU  and  others)  or  whether 
the  particles  (atobars)  be  surrounded  by  an  elastic,  repellent 
medivn  (ether ;  see  older  and  also  present  writers,  TyndaU) 
this  question  need  not  concern  ns  herCk  But  it  may  be  well  to 
give  one  or  two  illustrations.  A  minute  dot  in  the  centre  of 
the  square  representiug  the  atomic  volume  will  therefore  indi- 
cate the  active  atobar.  So  also  we  say  a  person  of  about  5 
cubic  feet  occupies  a  room,  say  15  by  10,  by  10  or  1500  cubic 
feet ;  hence  only  about  ^(^  of  the  actual  space  iaJlUed  by  the 
person!  The  same  room  will  hold  a  visiting  friend  or  two, 
and  be  not  actually  JiUed  yet.  So  inside  the  space  of  onr 
earth's  orbit  only  looo^iooo  P^^  o^  ^^  globular  space  is  filled 
by  the  sun,  and  yet  the  sun  occupies  and  pervades  by  its.  light, 
heat  and  gravitating  power,  a  mnch  greater  space,  reaching 
beyond  the  stars  1  *  So  it  also  is  in  matter,  at  least  in  the 
gaseous  condition.  The  various  elementary  atoms  combined 
are  as  the  physical  double  and  multiple  stars  in  the  heavens. 

In  regard  to  the  second  point  it  may  be  enough  to  call  to 
mind  that  one  atomic  volume  of  hydrogen  weighs  one^  but  the 
same  atomic  volume  of  iodine  weighs  127,  hence  is  127  times 
as  much  fiUed  as  the  hydrogen  atomic  volume.    So  also  one 

*Of  the  globe  deactibed  \ifj  a  radhis  eqoal  to  the  distance  to  ei  Oygni,  the  solar 
1 
system  CfDljJIU$  -T3i  PUt  (2  foUowed  by  M  zeros  I). 
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atomic  volume  of  oxygen  contains  16  times  as  much  of  matter, 
as  one  atomic  volume  of  hydrogen.  From  this  we  can  readily 
see  how  one,  two,  three  or  moi^  hydrogen  atoms  (their  ato- 
BABs)  may  be  brought  into  the  same  atomic  volume  occupied 
by  but  one  atom  of  uncombined  hydrogen. 

Here  it  is  important  to  notice  the  following  direct  conse- 
quence of  condensation.  If  two  atoms  of  hydrogen  are  con- 
densed to  one  atomic  volume,  their  two  atobars  form  a  straight 
line  (two  points  always  determine  a  straight  line).  If  ^ree 
hydrogen  atoms  are  thus  condensed,  not  only  do  these  three 
atobars  determine  a  plane  and  the  three  comers  of  a  triangle, 
but  they  wiU  form  an  equHateral  triangle  (jH  60  degrees) 
because  the  three  atobars  being  alike,  their  mutual  action  will 
be  alike  upon  one  another.  So  also  if  four  are  united  to  one 
group  inside  of  one  atomic  volume,  then  four  will  form  a  sguare, 
unless  some  other  force  deviate  them  more  or  less  from  this 
position,  just  as  for  example  the  sun  does  deviate  the  moon 
firom  her  elliptical  orbit  around  the  earth.*  • 

These  simple  developments  will  enable  us  to  understand  the 
fhndamental  law  of  volume.  We  shall  consider  the  four  prin- 
cipal types  one  after  the  other. 

Typs  AB.  This  is  a  simple  juxtaposition  with  probably 
only  a  slight  approaching  of  the  two  atobars  A  and  B  towards 
one  another.  Hence  vol.  A-|-B  =  vol.  AB  or  for  these  atomr 
volumes :  1-^-1  =  2.  After  combining  A  and  B  move  as  one 
body^  if  we  suppose  that  the  atobar  occupies  the  atomic  volume 
in  virtue  of  its  vibratory  heat-motion ;  or,  if  we  accept  the  view 
of  etl^pr-envelopes,  we  must  suppose  the  two  atobars  in  perfect 
contact  with  their  ether-atmospheres.  The  best  known  ex- 
ample is  HCl ;  also  the  Kaloid-Chlorids,  Ka  CI,  or  more  gener- 
ally the  Kaloid-Chloroids,  KaX,  The  practical  importance  of 
my  symbols  is  best  understood  by  remembering  that  this  for- 
mula KaX  embraces  the  following  sixteen  compounds,  viz. : 
LiFl,  LiCl,  LiBr,  Lilo;  NaFl,NaCl,  NaBr,  Nalo;  KaFl, 
Ka  CI,  Ka  Br,  Ka  lo ;  Rb  Fl,  Rb  CI,  RbBr,  Rb  lo. 

Type  AB^  or  Water  Type.  Considering  the  three  atobars  of 

*It  need  hardly  to  be  aooentnated  tbat  the  condensation  here  spoken  of  is  very 
different  from  that  produced  by  mechanical  compression.  In  this  the  atobars  move 
•eparattf y,  but  when  brought  to  om  atom  th^  move  as  one  body. 
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A,  B  and  B,  they  form  a  plain  triangle;  and  if  we  as  a  first 
approximation  consider  them  equal  material  points,  this  triangle 
must  be  equilateral  as  the  only  stable  figure  of  equilibrium 
A|g.  But  at  all  events  ABg  is  isoceZea,  because  each  B  is  like 
the  other,  so  that  BB  forms  the  base  of  this  triangle.  Accord- 
ing to  the  difference  between  A  and  B,  the  triangle  will 
de^te  from  being  equilateral. 

Let  the  aads  ficom  the  centre  of  gravity  of  the  triangle  BAB 
to  A  be  called  z,  and  the  other  at  right  angles  hereto  in  the 
plane  ABs  y,  then  we  evidently  have 

V  for  A  and  B  considered  as  equal  points 
y:2=l:V3  \/3  =  tg60: 

T  for  A  not  being  exactly  equal  to  B,  a  small  deviation  must 
take  place ;  small  because  the  unlike  atobars  of  A  and  B  are 
always  at  relatively  great  distances  from  one  another ;  hence 
we  may  put 

y:2f=l:V3  +  C 

where  C  is  a  small,  positive  or  negative  quantity  (which  we  will 
term  the  demotion  or  perturbation). 

Now  the  two  equal  atoms  B  have  always  their  centre  of 
gravily  midways  between  them;  hence  AB2  is  statically  the 
same 'as  atobar  A  and  atobar  2B  at  the  centre  of  gravity  of  B 
and  B.  In  other  words  it  is  of  the  first  type  only  that  B^  is 
represented  by  the  centre  of  gravity  of  these  Bs  or  by  2B. 
And  since  now  a  great  number  of  atoms  B  may  be  brought 
within  one  atom  volume,  these  two  B  fill  only  one  when  com- 
bined, so  that  with  the  original  atomic  volume  of  A  the  atomic 
volume  of  AB^  is  one  volwm^  of  A  plus  one  volume  B,  giving  in 
all  two  volumes  of  AB^. 

The  isoceles  triangle  is,  as  it  were,  indicated  by  the  typical 
fommla  A{S-  But  that  this  never  was  intended  for  such  a 
purpose  is  well  known  and  abundantly  substantiated  by  the 

SB  r^ 

B  and  even  A  j  |  in  our  chemical 

works.* 

*It  lias  often  been  assumed  that  AB^  forms  a  straight  line  (Oaud/in),  But  al- 
tboQgii  ABft  can  form  such  a  line,  it  does  not  retain  it,  heat  and  other  yibrations 
wonld  bilnff  it  oat  of  this  position,  and  immediately  carry  it  fiuther. 
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Ttpe  ABg.  By  reasoning  as  above  we  leam  that  this  type 
is  pi^oduced  by  the  three  B  forming  a  triangle  (equilateral). 

Hence  3  vol.  B  are  condensed  to  one  volume,  which,  uniting 
with  the  one  volume  of  A  gives  two  volumes  of  the  compound 
AB3 ;  the  three  atobars  of  B  forming  a  triangle  (equilateral  or 
nearly  so)  above  the  atobar  A. 

Type  AB4  results  in  the  same  way.  The  four  volumes  of  B 
condense  to  one  by  the  uniting  of  the  four  atobars  to  one 
system ;  this  one  volume  uniting  with  the  one  volume  of  A 
produces  the  two  volumes  of  the  compound.  The  form  of  the 
four  atobars  B  is  that  of  a  square  or  nearly  so ;  the  centre  of 
gravity  of  this  square  or  of  4B  constitutes  as  it  were  the  new 
(compound)  atobar  which  unites  with  A  just  as  in  the  first  type, 
without  condensation,  by  simple  juxtaposition. 

In  precisely  the  same  way  all  other  binary  compounds  are 
formed ;  thus  in  Aj^Ba,  the  two  volumes  of  A  unite  to  one  vol- 
ume, and  the  three  volumes  of  B  also  condense  to  one  volume : 
these  by  juxtaposition  produce  two  volumes  of  AgB^,  wherein 
the  three  B  form  a  triangle  (equilateral  or  nearly  so)  and  the 
two  A,  a  straight  line. 

If  now  the  compounds  are  to  be  represented  by  means  of 
their  symbols,  we  must  write 


B 

A 

BB 

A 

bIb 

B     B 
B^B 

or  of  the  atobar  B, 

be  indicated 

by  a  star  only 

A 

*  * 
A 

* 
*A* 

*    * 

*A* 

and  if  also  the  atobar  A,  be  indicated 

merely  by  a  cross, 

X                        X 

X 

*  4 

X 

In  perspective. 

X               •x^ 

X 

*    ♦ 

*    * 

X 

horizontal  projection. 

It  will  be  seen,  that  two  of  the  types  are  written  by  chem- 
ists in  accordance  with  the  real  structure  of  the  compound 
atom.  The  first,  because  two  points  A  and  B  can  only  form 
a  straight  line ;  hence  we  have  AB,  or  specially  HCl,  etc.  So 
also  the  water  type  is  written  §1-^ ;  for  instance  water  g^O, 
thus  giving  an  exact  representation  of  the  isoceles  (or  equi- 
lateral) triangle  formed  by  the  three  atobars. 
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But  that  no  such  representation  was  intended,  is  evident 
enough,  and  may  also  be  seen  from  the  customary  method  of 
writing  the  other  types : 

seen  f5pom  above ; 

^ N  instead  of  h^hN  ,5^ 


.  C  instead  9f  h^h^C 


H 
H 
H 
H 

and      H 

H 

The  constitution  of  the  four  types  here  ^ven  has  been  shown 
to  be  a  mechanical  necessity ;  hence  experience  must  confirm  it : 

L  By  the  constitution  and  all  recLCtions  of  the  various  com- 
pounds; 

II.  By  \h^^  physical  pr<yperties  peculiar  to  the  diJSerent  com- 
pounds; and 

in.  By  the  crystalline  form  of  the  compounds. 

In  regard  to  the  first,  the  constUtUion  and  reactions  of  bodies, 
▼e  can  only  give  one  example  here ;  Alcohol,  CjHeO.  Its  con- 
stitntion  resulting  from  the  above  types  (AB4  and  AB^)  is 
represented 

ZongUudinai  view : 

1.  Vertical;  h  =  Hs  1,        K5»»C^ 

2.  Vertical,  C=  I  ,H  =  «     2,      'I'l*        4,    •_• 

Front  view. 


3.  Horizontal  projection :      3, 

The  first  formula  is  especially  convenient ;  h  is  printed  for 
Ef  because  both  atobars  H  are  seen  at  the  same  spot.  The 
horizontal  projection  shows  some  reactions  plainer  than  the 
vertical  projection. 

In  regard  to  structure,  we^  see  that  each  C  is  acted  upon  by 
four  H,  each  O  by  two  H ;  in  accordance  with  the  atomicities 
of  O  and  C.  The  atom  possesses  a  stable  equilibrium.  Far- 
thermore  we  see  that  the  various  views  in  regard  to  its  consti- 
tntion  are  all  embraced  in  this  true  form ;  for  all  were  based 
upon  some  experimental  evidence. 

Thus  figure  1  shows  that  alcohol  may  be  considered  a  mon- 
oxide of  C,He  =  Ae,  or  alcohol  =  Ae  O. 

Again,  figure  3  or  4  shows  that  it  is  built  according  to  the 
water  type,  there  being  in  the  place  of  one  H  the  body  HCHj 
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CHa  or  empiricallj  CH^  =  ethyl-radical ;  hence  the  type  for- 
mula :  C2H5 )  p. 

H  f^' 
The  modifications  of  alcohol  are  also  ftdly  represented ;  as 
we  shall  show  by  a  few  of  the  most  characteristic  reactions. 

Oxygen  can  act  upon  the  terminal  Hs  (fig.  1,  2,  3)  which  are 
»  removed,  leaving 

.  Aldehyde  C2H4O  ^CH^ 

and  this  vacant  space  will  by  exposure  to  oxygen  be  occupied 
with  it,  forming 

Acetic  acid  CaHiO,  ^C  ^c"" 

By  means  of  proper  hygroscopic  bodies  the  water  atom  may 
be  removed  intact  fix>m  the  one  extremity,  giving  ethen  (defi- 
ant gas)  and  water 

^eC^       gives         ^        and        (?C^ 
alcohol  water  ethen 

Again,  by  passing  the  vapor  of  alcohol  through  a  red  hot 
tube,  it  will  be  decomposed,  so  as  principally  to  shake  off  the 
terminal  water  HsO  and  Hs,  as  shown  by 

^^eC^      gives         S        and        C»^C        and       »^ 
alcohol  water  acetylene      hydrogen 

These  few  examples  must  be  enough  here ;  they  indicate 
already  several  reactions  which  cannot  be  accounted  for  mther 
by  the  older  views,  or  by  the  type  theory.  The  late  attempts 
of  FranJdand,  Erlenmeyer  and  others,  show  that  such  theory 
is  urgently  called  for  by  the  demands  of  the  rapidly  advancing 
science. 

Concerning  the  physical  properties  time  forbids  to  go  into  any 
details  at  this  place ;  I  therefore  beg  leave  to  refer  to  the  third 
section  of  Atomechanik^  to  another  paper  to  be  presented  to 
t}iis  Association,  and  to  my  paper  on  TyndcdCs  measurements 
of  the  absorption  of  radiant  heat  by  gases,  which  values  have 
been  calculated  by  me  on  the  basi^  of  the  constitution  of  matter 
here  presented.    (Am.  Journal  of  Mining,  May  2,  1868). 

Lastly,  the  cbtstalline  fobm  of  the  compound  AB^  confirms 
the  structure  Jiere  given.    From  the  centre  of  gravity  of  the 
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equilateral  tritoid  AB3  draw  an  axis  z  through  A ;  the  axis  at 
right  angles  thereto  is  y,  and  since  AB2  is  an  equilateral 
triangle,  we  have 

or  2^:2  =  1:^3  (1) 

This  is  (he  normal  foim^  resulting  if  A  and  B  are  equal,  or 
nearly  enough  equal  to  one  another  that  the  difference  between 
them  is  not  perceptible  at  their  great  relative  distances.  But 
if  A  have  a  very  great  affinity  for  B,  if  the  weight  (mass)  of  A 
be  very  much  in  excess  of  B,  then  z  is  somewhat  smaller  than 

V3  =  1.73205  (2) 

and  will  be  represented  by  /v^  3  —  C,  where  C  is  the  deviation  or 
perturbation  of  z  due  to  the  deviation  of  A  from  equality  with  B. 
By  aggregation  the  crystallographic  axes  are  necessarily  in 
the  same  ratio  as  these  atomic  axes,  so  that  y  and  z  also  stand 
for  the  crystallograjjkic  asses;  for  the  crystal  is  simply  an 

AGGREGATE  OP  ATOMS  IN  PARALLEL  POSITIONS,  SO  that  the  labOTS 

of  Bravais,  FrankenJmm  and  others  become  directly  applicable. 

From  the  ratio  here  given  it  follows  that  the  prism  parallel 
to  the  axis  x  or  at  right  angles  to  the  plane  y  z  must  have  the 
angles  of  120°  and  60"*,  if  C  =  o,  or  nearly  this  value  if  C  not 
equal  to  zero.  In  other  words  the  tritoid  AB^j  is  tridy  hexag- 
onal or  nearly  so. 

The  vertical  axis  x  is  determined   by  simple  aggregation. 
The  cube  being  the  simplest  case,  will  give 
a?  =  Vj=  1.22474, 
ortheform  x:  y:  z  =  \^^:  1:  x^S  A. 

the  cube  in  its  rhombohedral  position.  Striations  parallel  the 
terminal  edges  of  the  cube  are  characteristic  of  this  form,  and 
constitute  an  interesting  proof  for  the  correctness  of  this 
arrangement  of  the  atoms  in  the  crystal  (Pyrites). 

But  we  may  also  have  aggregation  simply  in  plane  xz  or  xy, 
according  to  a  square;  hence  either 

X=zZ=:\^3 

and  the  form  x:  y:  z  =  a^3:  1:  \/B  B. 

or  we  may  have  x=zyz=zl 

and  the  form  x:  y:  z=ili  I  :  \^3  C. 

It  must  not  be  forgotten  that  y  in  these  forms  has  not  the 

28 
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same  absolute  length ;  but  we  cannot  go  into  any  detail  here, 
and  mast  defer  this  point  to  some  other  occasion.  (See  also 
Atomecfianik^  p.  31-84.) 

According  to  the  most  characteristic  examples,  we  shall  call 
the  form  A :  Pyrite-form^  B :  Butile-form^  and  C :  Quartz-form, 
The  axis  y  being  always  taken  as  unity,  only  x  and  z  have  the 
deviations  S  and  C  from  the  normal  values,  due  to  the  weight, 
form,  etc.,  of  the  atoms  A  and  B. 

The  following  table  contains  all  minerals  of  the  type  AB^ 
the  crystalline  form  of  which  has  been  determined.  For  the 
sake  of  simplicity,  I  give  in  this  table  only  the  name,  formula, 
crystalline  system,  vertical  prism^  i.e.  the  angle  between  the 
vertical  prism  00  P  (for  x  vertical)  and  the  axis  y ;  the  devia- 
tion C  of  the  actual  form  from  the  normal ;  also  the  deviation 
f ,  the  latter  written  in  the  column  corresponding  to  the  aggre- 
gation being  according  to  Quartz  (C),  Pyrites  (A)  or  Eutile  (B). 
At  the  close  of  the  paper  will  be  fbund  a  table  giving  the 
observations  and  their  sources ;  by  means  of  a  figure  for  each 
species,  the  reference  is  made  easy. 
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A  simple  glance  at  the  column  of  the  vertical  prism  or  the 
values  of  C  is  sufficient  to  show  that  these  compounds  really 
are  hexagonal  or  nearly  so,  as  required  by  my  theory  ;  in  other 
words,  that  the  triangle  AB^  is  equilateral  or  nearly  so. 

We  see  also  that  all  the  orthogonal  systems  are  represented  ; 
the  tesseral  13  times,  the  quadratic  4  times,  the  hexagonal  3 
times,  and  the  prismatic  11  times:  thus  showing  again  the 
fallacy  of  certain  systematists  who  cannot  conceive  of  contin- 
uous variation,  but  see  everywhere  chasms  and  fictitious 
boundaries. 

We  have  not  time  for  a  special  consideration  of  the  devia- 
tions c  and  C;  but  we  cannot  omit  at  least  a  few  general 
remarks. 

It  is  evident,  that  the  cube  is  the  most  general  position  of 
equilibrium ;  indeed,  if  the  atoms  A  and  B  were  really  equal 
material  points,  the  cube  would  probably  be  the  only  form 
occurring  in  nature.  We  find  this  cube  most  perfectly  repre- 
sented in  Pyrites  and  in  Fluospar;  in  the  former  Fe=:56, 
2  S  =  64,  in  the  latter  Ca  =  40,  2  Fl  =  38,  or  A  very  nearly 
equal  to  2B.  Furthermore  we  notice,  that  the  p^Tites  form,  or 
x=i\^^  indeed  is  the  most  common. 

Again,  the  form  x=iy^  the  square  of  the  short  axis  is  easier 
formed  than  the  square  of  the  long  axis  xz=z;  and  accords 
ingly  we  see  this  latter  form  only  in  3  cases  (Rutile,  Cassiterite, 
and  zircon)  and  even  in  these  cases  with  the  axis  z  very  much 
shortened.*  This  variation  can  of  course  only  be  explained  by 
reference  to  the  composition  of  the  elements ;  hence  we  must 
omit  it  here.  But  we  may  determine  the  rate  of  variation  of  C 
as  dependent  on  the  atomic  weight  Tt  of  the  titanoids  8n,  Ti, 
Zr,  Si  entering  in  the  composition ;  for  zircon  we  must  of 
course  take  the  mean  of  Zr  and  Si,  according  to  the  formula  of 
zircon.     We  obtain 

Tt  —:         calcul. 

Cassiterite  118         0.245         0.248 

Rutile  50         0.180         0.180 

39  6  _i_  28 
Zircon  'J        =:59         0.171         0.189 

We  see  the  last  two  correspond  well  enough.     We  may,  for 

•Also  in  TridymUe  Uio  form  of  SI  O2  discovered  since.Uils  paper  was  wriUen. 
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Butile  take  0.175,  the  mean,  as  the  value  corresponding  to  the 

atomi( 

hence 


atomic  weight  of  50.    But  ^^E^--^  =  -^^  =  0.001  very  nearly ; 


—  C  =  0.130 +  0.001.  Tr, 

which  gives  the  values  ahove  given  as  calculated,  corres- 
ponding well  enough  to  show  that  the  deviation  is  principally 
proportional  to  the  weight  of  the  atom,  that  is  to  the  deviating 
masSy  at  the  rate  of  0.001  for  each  unit  of  the  atomic  weight  of 
the  element.  This  formula  would  give  for  Pyrolusit  the  devia- 
tion—:=  0.185  instead  of  0.180  observed.  For  Quartz 
we  would  accordingly  obtain  a  quadratic  form,  having  —  C  = 
0.158  or  2=1.574z=tg57°35';  but  this  form  has  not  yet 
been  observed,  the  common  form  of  Quartz  being  hexagonal, 

:=o. 

This  rate  of  increase  becomes  of  very  considerable  interest, 
when  compared  to  that  of  other  compounds.  For  the  axis 
«=:\/3  we  have  the  following  deviations  : 

Sulphate-Series,  —  C  =  0.016  +  0.0008.  Xa. 
Aragonite-Series,  -  C  =  0.163  -f  0.0009.  Xa. 
Rutile-Series,  — -  C  =  0.130  +  0.0010.  TV. 

or  the  variation  of  the  same  axis  in  these  compounds  is  re- 
spectively 

8,  9,  10  tenrthoitsandths 

of  the  unit  yz=l  for  each  unit  in  the  atomic  weight  of  the 
disturbing  element,  so  that  as  a  first  approximation  we  have 
here,  as  in  astronomy,  the  disturbing  force  proportional  to  the 
disturbing  weight  or  mass  ! 

In  conclusion  we  must  say  one  word  in  regard  to  the  sign 
of  the  deviation.  For  the  cube  the  sign  of  C  and  of  ^  must 
necessarily  be  opposite;  a  contraction  in  one  direction  ( — ) 
must  correspond  to  an  expansion  (-|-)  in  the  other.  We  can 
test  this  on  Marcassite,  for  which  indeed  ^  is  positive,  while  C 
is  negative-  Since  the  cubical  Pyrites  has  the  same  composi- 
tion, so  that  the  unit  y  for  both  minerals  is  the  same  absolute 
quantity,  it  follows  that  the  atomic  volume  must  be  measured 
by  Xj  tfj  Zj  or  the  crystallic  volume ;  hence  the  density  of  these 
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two  modifications  of  FeS,  must,  be  inversely  as  the  product 
ap,  y ,  Zj  of  their  crystallographic  axes.  Now  this  product  op,  y ,  z,  is 

Marcassite 2.161 

Pyrites    ""2J2i""    * 
while  the  density  is 

pyrites       ^  4.8  to  5.0  ^^^^^^^^ 
Marcassite      4.7  to  4.8 

showing  sufficient  correspondence. 

For  the  other  forms  the  deviations  must  on  the  whole  be 
towards  the  simplest  position  of  equilibrium,  that  is  toward 
the  cube.  Hence  in  the  quartz  form  S  must  be  positive,  to 
make  y=l  approach  toward  y  =  \^^;  in  the  rutile-form  it 
must  be  negative,  for  the  same  reason,  y  being  \/3  or -greater 
than  in  the  cube.  By  means  of  the  table  it  will  be  seen  that 
there  are  only  two  exceptions  to  this  rule ;  the  Mispickel  group 
and  Sylvanite  having  f  negative,  although  they  belong  to  the 
quartz-form,  x=  1.  But  in  each  case  it  may  be  due  to  the  pres- 
ence of  an  associate  element  of  high  atomic  weight:  Gk>ld 
(Au=197)  with  silver  (Ag=108)  in  sylvanite,  and  Arsenic 
(As  =  75)  with  sulphur  (S  =  32)  in  the  Marcassite  group. 

So  whether  we  look  upon  the  crystalline  form  of  the  com- 
pounds of  the^  water-type  in  general,  or  consider  the  deviations 
from  the  normal  form  in  particular,  we  find  the  most  perfect 
harmony  between  calculation  and  observation.  But  the  more 
accurate  calculation  of  these  deviations  can  only  be  made  upon 
the  basis  of  the  composite  nature  of  the  elements.  As  in  astron- 
omy it  would  be  impossible  to  estimate  the  precession  of  the 
equinoxes  and  the  nutation,  if  we  would  close  our  eyes  to  the 
fact  that  the  earth  is  ellipsoidal  and  not  a  perfect  sphere ;  so 
we  cannot  here  calculate  these  crystallographic  perturbations 
unless  we  admit  the  individual  form  and  structure  of  the  atoms 
of  the  elements,  which  according  to  my  Atomechaniks  is  very 
far  from  spherical.  But  not  only  the  crystalline  form ;  also  the 
cUomicUy  of  the  elements  require  the  aid  of  pantogen  for  a 
successful  explanation. 


> 
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APPENDIX. 

TIBLB  or  THB  OB8BSYKD  YALUS8  MADE  USB  OW  TS  THIS  ASTICLB. 


No.  of 

Species. 


4 
5 
6 
IS 
19 


tr 

SB 

S9 
SO 
81 


Sa=:  1.1906 
|a  =  1.1116 

b    =  1 
|o=  0.9602 
|o=  0.9664 

I    =1.487 

I    =1.06S 
c    =1.068 

I  =ijm 

a    s=  LOgOB 

C     r=l 

a   =  1 


e  =:  1.1886 
b  =  l 


0.71 


9 

b  =  1 
b  =  1 

b  =  1 

S=^ 

b  =  l 
b  =  1 

b  =:1.( 


2b  =  8.000 
a    =  1.7176 

o  =  1.3287 
=  1.7588 
=  1.7T21 

=  1.487 

=  IJSOS 

ar=  1.502 
=  1JS6I 

=  1.7783 
o  =  1/ 


Notes. 


oleaTage  in  8  directionB  at 

angle  of  108*JO'. 
Prism.!  I. 

isomoTplioiis  with  No.  5. 
Prism,  il. 
i'rism.liai. 
Prism.  li:li. 

li:li=lisn0'. 
11:11= lU-Sft'. 


11:11=114*48'. 

0:ii=190*48'. 

li:li=181*8'. 

e  of  e.  Koktekarow, 


All  these  valnes,  with  the  exception  of  the  last  (No.  81)  are 
taken  from  Dana*s  Mineralogy,  fourth  edition.  The  hexagonal 
and  particalarly  the  tesseral  forms  are  not  here  enumerated, 
smce  the  system  gives  the  nnmerical  valnes. 

The  reading  of  this  article  was  illustrated  by  numerous 
models  and  diagrams. 


24.  A  New  and  Genebal  Law  DsTERMiNiNa  the  Atomic 
Volume  and  Boilzno  Point  of  a  Great  Number  of  Car- 
bon Compounds.  By  Professor  Gustavus  Hinrichs,  Iowa 
State  University. 

From  the  atomic  constitution  of  a  very  great  number  of 
organic  compounds,  especially  the  oxides  of  the  hydrocarbons, 
I  have  dednced  a  very  simple  and  general  law  of  the  atomic 
volume;  this  law  being  confirmed  by  observation,  wiU  accord- 
ingly be  considered  an  additional  proof  for  the  correctness  of 
the  constitution  of  compounds  as  given  in  my  AUymechanikj 
1867.     The  new  law  for  the  atomic  volume  is : 

Compounds  of  n  carbon  atoms  j  these  being  joined  by  pairs  ef 
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hydrogen-atoms  and  provided  with  a  terminal  water  atom  H^Oy 
possess  the  atomic  vohime 

the  atomic  volume  of  water  being  taken  as  unity. 

If  a,  the  atomic  weight  (0=:  16,  H  =  l,  etc.),  and  5,  the 
specific   gi-avity  observed,  the   resulting  or  observed 

a 

atomic  vohime  is     v  =  -— -     for  any  body. 

18.5 

In  comparing  tjiese  observed  values  v,  with  the  values  ??„, 
calculated  by  means  of  the  above  law,  it  must  be  remembered, 
that  the  atomic  volumes  are  only  strictly  comparable  at  the 
boiling  points ;  hence  if  the  coefficient  of  expansion  of  the 
liquid  be  a  (for  each  degree  C)  and  the  difference  between  the 
boiling  point  T  and  the  temperature  t  at  which  the  specific 
gravity  s  is  determined  be  r  =  T  — ^[f ,  then  the  volume  v  at  ^ 
would  become 

V'zzi  V(l  -f-ar) 

In  other  words,  the  lower  the  temj)erature  t  at  which  s  is 
determined  below  the  boiling  point  of  the  liquid,  the  greater 
the  increase  which  the  volume  would  sufler  by  heating  tlie  sub- 
stance to  its  boiling  point.  We  shall  now  proceed  to  the  con- 
sideration of  some  of  the  groups  which  come  imder  the  above 
law  ;  and  from  these  examples  the  law  itself  will  become  better 
understood. 

I.    The  Monatomic  Alcohols. 
Their  empirical  formula  is  C„H2„  _|_  jd ;  their  true  constitu- 
tion is  represented  by  the  longitudinal  elevation  of  one  atom : 

^C^  C»»  C»» ^'C^  C^  C»»        (n  atoms  of  C) 

where  each  h  indicates  the  two  atoms  of  hydrogen  projected  at 
the  spot  h.  From  this  formula  or  figure  it  is  apparent,  what 
we  mean  by  the  pairs  of  hydrogen-atoms  (1i  =  2  II)  tying  to- 
gether the  carbon-atoms  (C),  and  hO^zHaO  is  seen  as  a 
"terminal"  to  the  alcohol-atom.  Whether  now  this  is  the  true 
atomic  constitution,  or  not,  we  may  leave  an  open  question 
here  ;  it  will  be  sufllicieut  to  show  that  the  above  law  of  atomic 
volume  results  from  it,  and  that  experience  does  conjirm  this 
law! 
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In  thiB  atom  there  are  n  equal  terms  C^  tmited  in  the  same 
manner  to  form  a  prism ;  let  the  volume  ocenpied  by  any  one 
C^  be  %,  then  the  volume  of  the  entire  prism  CnHsn  wiU  be  no;. 
The  atom  water  {H^Ozzz^O)  when  free  has  the  volume  =1. 
Its  volume  in  this  liquid  compound  may  therefore  also  be  taken 
as  one.  The  constitution  of  C^  =  CHg  and  the  terminal  OHs 
is  the  same ;  it  is  therefore  pijobable  that  the  space  they  occupy 
is  the  same,  or  that  xz=zl.  Hence  the  entire  volryne  of  the 
atom  C.Hte^,0  will  be  l-|-n  as  abbve  stated. 

We  now  give  the  observed  values  of  the  specific  gravity  s 
the  observed  atomic  volume  v  deduced  therefrom ;  by  compar- 
ing this  with  the  calculated  value  v^  we  determine  the  deviation 
d  in  per  cent,  of  v^.  We  finally  add  the  boiling  point  T  (in 
centigrades). 


Alcohol, 

n 

« 

V 

«. 

d 

T 

Methyl, 

1 

0.81 

2.18 

2,00 

--9 

66" 

Ethyl, 

2 

0.79 

8.12 

8.00 

--4 

78.4' 

Butyl, 

4 

0.89 

6.10 

6.00 

--2 

109° 

Propyl, 

5 

0.825 

6.94 

6.00 

—  1 

132° 

Octyl, 

8 

0.82S 

8.73 

9.00 

—3 

180° 

Since  now  s  is  determined  at  about  the  same  temperature,  this 
temperature  is  comparatively  near  the  boiling  point  of  the 
lower  members  (n  small),  but  far  below  the  boiling  point  for 
the  higher  members  of  the  series.  In  other  words,  the  deter- 
minations of  V  for  the  lower  members  is  too  high,  as  compared 
to  that  of  the  higher  members.  Indeed  we  see  the  deviations 
of  observation  minus  calculation  positive  for  the  lower  mem- 
bers, negative  for  the  higher  members,  and  regularly  decreasing 
from  the  first  to  the  last.  By  means  of  our  formula,  before 
l^ven,  we  can  readily  see  that  the  deviations  must  be  of  «the 

form  d  =  h  +  kT; 

and  indeed  by  d  =  12  — O'.IT 

we  get 

n                 =12  4  5  8 

dobserved=        +9        -f4  -)-2  —1  —3 

dcalcul.      =        +6        +4  +1  —1  —6 

almost  identic,  or  showing  that  our  law  l-^-n  indeed  is  the 
true  law  for  the  atomic  volmne  of  the  monatomic  alcohols. 
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A.  1IATHE1CATIC8,  PHT8IC8,  AHD  OHEKISIBT. 

This  influence  of  the  temperatore  is  also  well  shown  in  the 
case  of  ethyl-alcohol,  CJ^O.  At  4^*0  its  specific  gravity  is 
0.81,  hence  its  atomic  yolmne  t;  =  d.l5 ;  but  at  10°  C  its  ipecaSo 
gravity  0.79  gives  the  volume  8.23,  an  increase  of  0.08  for  an 
increase  of  6°C  in  temperature.  Hence  for  a  limited  range  of 
temperature  the  atomic  volume  of  alcohol  is  at  the  temperar 
ture  t  equal  to 

'»e  =  8[1.082  +  04K)44f] 

or  Vt = 8  exactly  at  about  —  TC.  This  is  accordingly  85°  be- 
low its  boiling  point,  so  that  if  we  adopt  the  general  view  that 
liquids  may  properly  be  compared  at  equal  distances  below 
their  respective  boiling  points,  the  densities  if  determined  at 
the  following  temperatures 

—  7V    —T    I    +24°    I    +47°    1    +95° 
forn  1  2     I  4     I  b     \  8* 

the  resulting  atomic  volumes  would  be  exactly  equal  to  the 
theoretical  values 

2  8  5  6  9. 

n.    AcmS   OF  THE  MONATOMIC   ALCOHOLS. 

The  empirical  formula  of  these  acids  is  CnHjnO,.  They  are 
derived  firom  the  alcohols  by  replacing  the  terminal  /k  =  H^  by 
O;  or 

^eC^C^ »»Chc«»C°  (n  atoms  C) 

The  atomic  volume  is  the  same  as  for  the  corresponding  alco- 
hol.— We  have: 


Acid 

n 

« 

V 

^n 

d 

T 

Foimic 

1 

1.285 

2.07 

2.00      -\ 

1-8 

100" 

Acetic 

2 

1.06S 

8.12 

3.00      - 

-4 

US' 

Propionic 

8 

0.991 

4.12 

4.00      - 

-8 

140" 

Butyric 

4 

0.974 

5.015 

5.00      - 

-0.8 

162" 

Valerianic 

5 

0.938 

6.030 

6.00      - 

-0.5 

174» 

Capronic 

6 

0.981 

6.916 

7.00      - 

-1.8 

199" 

Laurie 

12 

0.883 

12.604 

18.00  .  - 

-3.8 

? 

These  figures  need  no  commentary ;  the  remaite  above  made 
apply  also  in  this  case. 


\ 
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m.    DiFFEBSNT    COKPOUNDS   OF   EQUAL  AtOMIC  YoLITHE. 

Quite  a  number  of  such  serial  compoimds,  of  like  atomic 
stnictore,  but  very  different  einpiriccU  formula^  will  accordingly 
have  the  same  atomic  Tolame,  if  only  they  contain  the  same 
number  of  carbon  atoms.  We  shall  consider  several  cases  with 
1, 2, 3  carbon  atoms,  and  also  some  monamines. 

A.  n  =  1 ;  hence  atomic  volume  =  1  -f-  ^  =  2. 

B  V         v^       d  T 

Formic  acid,      CH,0,    1,235     2.07    2.00  +3.5     100**C 
Methyl  alcohol,  CH4O     0.814    2.18    2.00  +9  66*^ 

The  deyiation  for  the  latter,  with  a  mnch  lower  boiling  point, 
is  much  greater  than  for  the  former,  in  accordance  with  the  pre- 
ceding explanation. 

B.  n  =  2;  hence  atomic  volume  1  -|-n  =  3. 

Aldehyde     C^40 
Glycol  C,H«0, 

Acetic  add  CJELfi^ 
Alcohol        CAO 

It  appears  from  this  that  with  the  exception  of  aldehyde,  all 
deviations  are  so  much  the  smaller,  the  higher  the  boiling 
point,  in  conformity  with  preceding  explanations.  But  the 
case  of  aldehyde  does  not  represent  any  anomaly;  for  my 
tiie(»retical  formula  is 

Aldehyde    ^C^C 

*or  being  devoid  of  the  terminal  ^  =  Hs„and  correspondingly 
this  compound  has  at  common  temperatures  a  somewhat  smaller 
atomic  volume. 

For  the  latter  three  it  is  seen  that  an  increase  of  iO^'C  in  the 

bailing  point  diminishes  the  volume  about  one  per  cent. ;  hence 

the  deviation  for  aldehyde  ought  to  be  about  4~  six  per  cent., 

while  it  really  ia  only  about  +  two  per  cen^.   Hence  the  removal 

of  the  terminal  Ha  =  ^  corresponds  to  only  about  four  per 


a 

V 

Vn 

d 

T 

0.801 

8.05 

8.00 

+1.6 

21° 

1.125 

8.06 

8.00 

--2 
__4 

197.', 

1.068 

8.18 

8.00 

iir 

0.81 

8.15 

8.00 

--6 

79" 
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cent.,  or  ^  of  the  unit  of  Yolume,  the  volmne  of  one  atom  of 
water. 

C.  n  =  3  ;  hence  the  atomic  volume  =.  4. 


8 

V 

». 

d 

Glycerine          CaHgO, 

1.28 

4.00 

4.00 

0.. 

Lactic  acid        C,H,0, 

1.215 

4.11 

4.00 

—3 

Ptopionic  acid  C,H,0, 

0.991 

4.15 

4.00 

+  4 

D.  MoNAMiNES  haye  the  same  mechanical  structure  as  the 
alcohols,  except  that  the  terminal  water  HjO  is  replaced  by 
ammpnia  HjN.  Hence  since  H, :  Hj  =  3 :  2,  the  former  H* 
forming  an  equilateral  triangle  each  side  of  which  is  nearly 
equal  to  the  distance  between  H  and  H  in  water  HjO,  it  fol- 
lows that  the  atomic  volume  of  NH^  must  be  determined  by 

H8N:H,0  =  3:  2orvoLHaN=1.5 

and  hence  the  volume  of  the  monamines  C^  H^+s  N  =  NH3 
+  nCH,  mustbe 

Vn=  1.5  4"  w 

This  is  fhlly  confirmed  by  the  observations  at  my  disposition ; 
these  give 


n 

8 

V 

Vn 

d 

Ammonia 

Ethylamine 

Amylamine 

0 
2 
5 

0.62 

0.696 

0.750 

1.52 
3.59 
6.44 

1.50 
3.50 
6.50 

— 1 

The  correspondence  between  calculation  and  observation  is 
indeed  most  remarkably  close. 

E.   Graphical  Representatiox.    Let  the  square  represent 
one  atom  of  (liquid)  water,  then  according  to  the  alv)ve,  the 
following  will  be  a  graphic  and  geometrically  true  representa- 
tion of  the  atomic  volume  and  constitution  of  the  compounds^ 
enumerated  in  D.      * 


m 


n  =  l 


>c 

•u 

Nam>e.       Volume. 
Water  1. 

Formic  acid         2 
Methyl  alcohol    2 


A.  MATHSXATICS,  PHTSIOS,   AKD   CHBMISTBT. 


229 


Name.       Volume. 


n  =  2 


y 

^I  C?"',  c 

Aldehyde 

Glycol 

Acetic  acid 

Alcohol 
n=3 

Glycerine 
Lactic  acid 
Propionic  acid 

3 

0         o{ 

3 

\  c,  o 

S 

• 

3 

^ 

o|        o|        o| 

4 

^;  cs|  c?'^  CO 

4 

ol            1 

^  c^  c\  o 

4 

Hus  table  might  be  extended ;  but  we  only  shall  observe 
Jbere  once  more  and'  explicitly,  that  the  transverse  section  of 
all  these  compounds  is  the  same,  viz., 

O 

B     B 
C 

and  hence  the  volume  of  this  prism,  or  the  atomic  volume 
simply  measured  by  1  -|-n.    See  Atomechamk^  §  123,  p.  18. 

Even  Sucrose,  Cu+HCEtO)  gives  the  atomic  volume 
17=11.83  from  the  observed  value  of  its  specific  gravity 
(1.606)  ;  now,  since  no  Hjd  is  terminal,  we  may  have  accent- 
ing to  the  above  prindiple,  v^'=zn=z\2  which  is  only  0,17  or 
1^  per  cent,  greater  than  the  observed  value.  There  being  no 
terminal  water,  the  volume  is  not  1  -|-  n  but  simply  n. 

Atomic  Volume  of  the  Elements. 

According  to  AimMchanics^  the  constitution  of  the  element- 
atoms  is  in  so  far  similar  to  the  constitution  of  the  preceding 
carbon  compounds  that  the  element-atoms  consist  of  a  seriea 
of  plates  (called  atomares)  which  may  be  compared  to  the 
consecutive  links  CH2=:C^  of  the  carbon  series.  A  direct 
proof  therefore  we  have  in  the  circumstance  that  these  ato* 
mares  in  the  same  group  of  elements  occupy  nearly  the  same 
Folome,  or  are  isostere. 
If  the  atomic  volume  of  an  element  be  v  (water  =  1)  and 
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the  number  of  atomares  in  the  atom  be  m  (cUometer),  then  the 
Tolame  of  each  atomare  of  this  element  will  be 

V 

m 
Taking  the  valaes  of  m  as  given  in  my  Atomechanics,  we 
find  for 

Fhosphoids  (P  :                       v  m  w  F 

P  0.94  9  0.10  44** 

As  0.72  8  0.09  ? 

Sb  1.00  13  0.08  450** 

Bi  1.14  12  0.09  265*^ 

Here  the  inflaence  of  the  Aising  point  F  will  fully  account 
for  the  slight  variation ;  w  for  Sh  is  the  smallest,  because  its 
volume  is  taken  farthest  below  its  flising  point ;  that  of  P  is  the 
largest,  because  taken  nearest  its  flising  point. 


Chix>boii>8,  Xi 

V 

m 

w 

CI      1.48 

13 

0.118 

•    Br      1.49 

13 

0.114 

lo      1.42 

12 

0.118 

mean    . 

• 

•        •        • 

.  0.115 

ob». 

J>- 

cafe. 

diff. 

Cadmoids,  Kd : 

Mg  — 0.76 

3 

0.75 

+  0,01 

Zn,      0.51 

2 

0.50 

+  0.01 

p.K 

Cd      0.71 

3 

0.75 

—  0.04 

Ph      1.00 

4 

1.00 

0.00 

The  cadmoids  accordingly  follow  the  same  law,  a  number  p 
multiplied  into  the  same  constant,  giving  the  atomic  volume 
V  inside  the  errors  of  observation.  We  may  accordingly  con- 
sider, by  comparing  this  result  with  the  law  governing  the 
carbon  series,  that  one  atom  of 

Zink  consists  of  2  atomares 

Cadmium  "       "    3        " 

Lead  "       "    4        " 

Magnesium  "       "    3         " 

which  coincides  with  the  formula  given  in  atomechanics,  viz.» 

Zn  =  A-\'B  where  A  =  2.4?  or  [4.4] 

Cd  =  A  +  2B  "  5=  [8.12] 
Pb  =  A  +  3B 

Mg  =  3A  "  ^  =  [4.4] 

so  that  vol.  A  =  vol.  B  =  0.25  or  {  of  one  atom  of  water. 


^ 
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Ealoids,  Ka : 

V 

P 

ealcv. 

diff. 

U 

0.65 

1 

0.68 

+  0.02 
--0.06 

v=p.K                  Na 

1.32 

2 

1.26 

jr=0.68                  Ka 

2.60 

4 

2.52 

—  0.02 

Bb 

8.11 

5 

3.15 

—  0.04 

thus  plainly  indicatiiig  that  the  saccessive  Kaloid  atoms  con- 
tain 1, 2, 4, 5  or  9, 2g,  4g,  5^  atomares.  This  result  differs  from 
the  formula  given  in  Atomechanik,  §25.  We  may  therefore  con- 
dude,  that  this  preliminary  formula,  iTa  =  2  (7)  -|-  2  m.  4',  given 
in  Atomechanics  is  not  the  true  formula,  and  does  not  quite 
oorrectly  express  the  atomic  constitution  of  the  Ealoids.  The 
values  of  f»  are  respectively:  Zt,  0 ;  Na^  1 ;  JTa,  2 ;  Sb^  5. 

COKCU7SION8. 

The  law  for  the  atomic  volume  of  serial  compounds  is  very 
different  from  what  chemists  have  been  led  to  believe  by  Kopp 
and  others ;  for  we  cannot,  from  the  empirical  formula,  calculate 
the  volume  by  giving  a  certain  fixed  value  to  each  constituent 
atom,  as  Kopp  has  attempted,  but  the  volume  is  simply  that  of 
the  FiasicATic  atok  or  the  product  of  maximum  transverse- 
section  into  altitude  or  length  of  the  atom.  The  section  for 
the  atoms  here  considered  has  been  equal  to  that  of  a  water 
atom ;  and  the  unit  of  length  equal  that  of  a  water  atom  also, 
80  that  the  volume  of  the  compound  atom,  or 

l+n- 

is  amply  the  length  of  the  atom,  that  of  water  being  1.  Thus 
the  four  different  compounds  given  under  m,  B,  have  all  the 
same  atomic  volume,  and  yet  if  we  put  CJS^  =  A,  we  have 
empirically 

Aldehyde      =^4- zero 
Glycol  =-4-f  H^ 

Acetic  acid  =-^4-0 
Alcohol        =^4-Ha 

from  which  by  Kop^B  reasonings  we  would  have  to  conclude 
that  the  atomic  volume  of  water,  HgO  is  the  same  as  that  of 
oxygen  O,  or  of  two  hydrogen  H,  and  the  same  as  nothing, 
hence  that  EE^O  in  A  does  not  occupy  any  space,  and  that  the 


232  A.   MATHEMATICS,   PHYSICS,   AND  CHEMI8TBY. 

volume  is  exclusively  determined  by  carbon ;  but  then  this  is 
manifestly  wrong,  since 

vol.  water  HjO     =  1  and  not  zero ! 

vol.  methyl-alcohol  CH4O  =  2, hence  C=2(ifH  =  0  =  zero) 

vol.  ethyl  alcohol     Cja^fi  =  3  and  not  2  X  2  z=  4 

which  would  follow  from  the  above.  We  therefore  see  that  the 
current  reasoning  from  merely  empirical  formula  leads  into  a 
labyrinth  of  contradictions;  it  may  not  be  presumptuous  to 
8ay,  that  our  theoretical  formula,  based  upon  the  atomechanical 
constitution  of  compounds,  have  the  criterion  of  truthftilness, 
both  in  the  simplicity  of  the  law  and  the  perfect  harmony 
between  the  same  and  observation. 

And  finally,  since  we  find  that  precisely  the  same  law  of 
atomic  volume  governs  the  elements,  the  conclusion  appears 
well  founded,  that  the  element  atoms  also  are  prismatic  bodies^ 
buiU  oflameUoB  or  aJtomares.  This  lamellar  constitution  is  now 
proved  by  1^  the  atomic  weight ;  2^  the  refraction-equivalents 
of  the  molecular-physicist  and  crystallographer,  Schrauf;  3**  by 
the  absorption  of  radiant  heat  in  gases,  simple  and  compound, 
measured  by  TyndaU;  4**  boiling  and  ftising  points ;  8*  length 
of  crystallographic  axes ;  6**  atomicity,  besides  the  (7**)  atomic 
volume  here  spoken  of.  For  details  on  these  points  see  my 
AUymechanik^  1867,  and  on  3^  see  my  paper, — Atomechanics 
proved  by  TyndaWs  Experiments  in  the  American  Journal  of 
Mining,  May  2,  1868. 

And  from  all  this  we  i^ain  affirm  the  composite  nature  of  the 
so-called  elements,  and  predict  that  they  first  will  be  decom- 
posed into  these  lamella  or  atomares ;  finally  the  latter  will  be 
resolved  into  panatoms. 

Thb  Boiling  Point  of  the  Isomers  C^HiiO. 

The  general  law  in  regard  to  the  boiUng  point  refeijed  to  in 
the  title  of  this  paper  is  the  boiling  point  de2)ends  on  the  form 
of  the  atom;  the  more  symmetric  the  atom^  the  lower  the  boiling 
point;  and  the  reverse. 

We  shall  now  illustrate  it  first  by  the  isomers  of  the  empi- 
rical formula  CeHuO ;  thereafter  by  the  isomeric  amines. 
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The  compounds  CgHMO  are  monoxides  of  hexan  CeH^ ,  the 
constitution  of  whicli  is 

hexan  ^C»»  C^  C^  C»»  C>^  C^  'JirjIIIIIlI 

side  view.  horizontal  projection. 

In  these  figures  h  stands  for  Hg  at  the  spot  where  both  H  are 
projected ;  a  star  for  H,  a  bar  for  C.  Now  each  of  the  places 
A  or  Hj  can  unite  with  the  oxygen  atom  to  form  water  HgO. 
There  are  seven  pairs  of  H  or  seven  A,  so  that  the  oxygen 
atom  may  be  united  at  seven  different  places.  But  two  and 
two  of  these  places  produce  the  same  atomic  body,  and  hence 
the  same  compound.  If  the  atom  of  hexan  be  represented  by 
P«  (protypoid  of  six  carbon  atoms)  the  monoxide  may  be  repre- 
sented by  the  symbol 

m  -"^(B— m) 

if  m  indicate  the  number  h  to  the  left  of  the  oxygen  atom,  and 
consequently  6  —  m  the  number  to  the  right.  But  it  is  evident 
that 

toI*(6— m)      aild      (6—«t)Pm 

represent  the  same  atoms  seen  from  two  different  sides.  Hence 
the  seven  monoxides 

oPis  1^5  2I4  aPs  4^2  fiPl  6^0 

are  only  representing  the  following  four  recdly  different  iao- 
mers^  viz., 

oP«  iPfi  2P4  aPs 

These  four  compounds,  all  corresponding  to  the  empirical  for- 
mula C^HmO  are  represented  in  the  following  table  by  their 
symbol^  vertical  and  horizontal  projection,  and  the  typical 
formula ;  and  it  will  readily  be  seen  that  the  latter  results  from 
my  horizontal  projection,  by  simply  drawing  a  line  obliquely 
through  the  oxygen  atom. 

Projection. 
Name.        Symbol,        vertical.  horizonU 


Hexyl-Alco-       x>    Iq^  Qh  (jh  ^b  c*'  C^  o  I 
hol,  "^^  *| 

Methyl-Amyl-   ^p^   hc?  c^  c»^  c^  ^  C»»  *| 
x!<tiier,  4t  I 

30 


.  ,         Typical 
formula. 

H     ]^ 
CfiHu  )  Q 

CH,  r 
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^  Projection. 
Name.      Symbol.        vertical.  horizorUal.       fo^rda 

Ethyl-Butyl.  .C-C^CCCXC  Tr-ITIT  r'S*  !« 

Ether,  ^*  •[♦l»UUUl*  CjH^  ) 

"^SS;,     »^»  ^c-^c-csc^c'.c-  ;i;i:i;o|;i;i;  gg;  }o 

From  these  graphic  representations  of  the  mechanical  con- 
stitution of  the  atoms  it  will  readily  be  seen,  that  ^^  is  the 
most  symmetilc  atom'X)f  all ;  indeed  it  is  perfectly  symmetric, 
so  that  if  we  could  suspend  it  by  the  oxygen  atom,  the  whole 
atom  would  be  perfectly  balanced.  Again  the  alcohol  o^e  is 
the  least  symmetric  of  these  four  isomers. 

According  to  the  law  above  given  we  conclude :  tJie  boiling 
point  of  these  isomers  CaHi^O  is  lowest  for  jFj,  highest  for  oP« 
and  increasing  according  to  some  definite  law  from  ^Pg  to  ©Pg. 

If  X  denote  the  abscissa,  the  distance  from  the  central  h  = 
H2,  and  «x  the  corresponding  boiling  point  (centigrade)  we  have 
indeed  - 

ts  =76**— a?+(4.25)» 

as  the  law  expressing  the  variation  of  the  boiling  point  for 
these  isomers.  That  this  law  expresses  the  observed  values 
we  see  from  the  following  table : 


^ 
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Symbol 

X 

t  cede. 

tabs 

^* 

3 

149°.76 

150° 

iP, 

2 

92°.06 

92"' 

^. 

1 

79°.25 

80° 

.P, 

0 

76" 

76° 

lOO**— 


/ 


Boiling  points  of 
CgH„0. 


o 

1     "^ 

3 

,P. 

0 

B            : 

x=3       2 


^: 


2       8 


where  the  boiling  point 
for  ^Pj  has  been  deter- 
mined by  interpolation 
from  the  other  simple 
ethers.  These  results 
are  represented  in  the 
adjoining  figure,  on  the 
scale  of 

«=:  1  =  1  centimeter 
t  =  1**C  =  J  millimeter. 

It  is  evident  that  a 
like  law,  but  with  con- 
stants depending  on  n 
corresponds  to  the  iso- 
meric compounds  of  any 
group  of  isomers  ex- 
pressed by 


The  Boiunq  Point  t>f  the  Amines. 

The  amines  are  very  rich  in  isomers  and  therefore  eminently 
adapted  to  exemplify  the  law  above  given.  By  means  of  the 
horizontal  projection  we  can  readily  represent  the  atomic  con- 
sfitution  of  the  amines.  They  may  all  be  considered  as 
derivations  of  ammonia  NH^ 

N 

•         • 

represented  here  in  horizontal  projection.  The  three  sides 
HH  may  each  grow  by  the  addition  of  any  number  of  C**  = 
CHj,  BO  that  the  general  amine 

CpH,p4.i)  Symbol: 
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results  by  the  prisms  CpH2p=i)  (CHj),  ^(CHj)  and  r  (CHj) 
being  added  on  the  three  sides  of  NH3  formed  by  the  hydro- 
gen atoms  two  and  two.  The  symbol  here  given  accordingly 
needs  no  farther  explanation. 

If  now  j?  =1  g  z=  r,  the  amine  is  the  most  symmetric  that  can 
be  formed  by  means  of  the  same  number  of  carbon  atoms  ;  it 
will,  from  among  all  the  isomers  represented  by 

^(P  +  q+r)  H2(p+q4,)4.3N 

have  the  lowest  boiling  point. 

In  the  adjoining  figure 


•tram  m 

B  D 


C  =  Trimethylamine  —  jNi 

s 
A  =  Triethylamine      =  gN, 


B  =  Hexylamine 
D  =  Propylamine 


=  oNe 


=  oN3 


The  observed  boiling  points  confirm  our  law,  as  may  be  seen 
from  the  following  table  of  boiling  poirUs,  wherein  isomers  are 
in  a  horizontal  line : 


135^ 
25r 


1 

0 

iN.    1 

below    0^ 

2 

A    •     .      18°-7 

A    ..    .     .      8».5 

1 

3 

0 

.      49°.7 

A  . 

.    ? 

,N,     .     . 

4 

0 

,      69" 

A  . 

5r.5 

5 

0 

.      94" 

2 

6 

0 

.    126° 

^, 

7 

0 

,    146° 

2 

8 

0 

170" 

iN, 

2 

9 

.         « 

.         . 

*N, 

10 

, 

« 

. 

A  .  . 

170° 

^ 

15 

Mc 

ma 

mines. 
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This  table  needs  no  commentary.     We  »8ee   indeed  that 
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the  more  symmetric  an  atom,  the  lower  is  the  boiling  point ; 
for 


A 

by 

10° 

greater  than 

1 

A 

by 

44° 

u          u 

1^' 

A 

by 

35° 

((             u 

X 

According  to  the  law 

tp  =  25°p  — 3r 

expressing  the  boiling  points  of  the  monamines 
with  great  accuracy,  as  may  be  seen  from 


P 
1 
2 
3 
4 
5 
6 
7 
8 


Name 

Methyl-amine 
Ethyl        " 
Propyl      " 
Butyl 
Amyl 
Hexyl 
Heptyl 
Octyl 


calcid, 

—   6" 

+  19 

44^ 

69^ 

94° 

119'' 

144** 

170** 


Boiling  point 


observed, 
below  0° 
+ 18^7 
49^7 
69** 
94** 
126** 
146** 
170** 


the  boiling  point  of  15N0  would  be  344**,  while  the  isomeric  tri- 

6 

amyl-amine  ^N^  is  257**  or  87**  lower  1 

Thus  we  may  consider  it  a  fact,  that  greater  symmetry  or 
equilibrium  of  an  atom  is  accompanied  with  lower  boiling  point. 
The  cause  of  this  law  is  palpable.  For  when  boiling,  the  liquid 
is  conyerted  into  vapor,  of  equal  tension  with  the  pressure  on 
the  liquid ;  but  vapors  and  gases  are  knowi^  to  be  character- 
ized hj  the  atoms  or  particles  moving  equally  in  all  directions. 
Now  it  will  require  a  greater  momentum,  a  greater  power 
(hence  a  higher  degree  of  a  heat)  to  make  the  more  unsym- 
metric  body  move  equally  well  in  all  directions,  than  the  more 
symmetrical  body.  Substituting  heat  for  motion,  and  Atom  for 
hody,  we  have  our  law  in  regard  to  the  boiling  point  of  iso-* 
meric  bodies.  —  See  also  Atomechanik, 


We  have  in  this  paper  made  use  of  deduction  rather  than  of 
induction,  because  the  method  is  much  more  lucid  and  satisfac- 
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tory.    The  test  remains  the  same :  agreement  with  observation, 
and  discovery  of  new  laws  and  relations. 

But  if  we  had  the  opportunity  we  would  herewith  connect 
an  induction :  we  would  point  out  similar  laws  in  the  boiling 
and  fhsing  points  of  the  elements,  and  hence  conclude  their 
constitution  to  resemble  that  of  the  compounds  here  treated  of. 
But  since  chemists  have  not  yet  realized  that  mathematics  and 
observation  must  go  hand  in  hand,  in  order  to  arrive  at  results 
comparable  in  universality  to  those  worked  out  in  astronomy 
and  physics,  it  may  be  best  not  to  push  these  conclusions  at 
this  time.  If  I  have  succeeded  in  showing  that  mechanical 
chemistry  is  a  field  as  important  and  as  gratefUl  as  any  field 
now  in  scientific  culture,  I  have  attained  my  aim. 


25.  Atomic  Motions.    By  Professor  H.  F.  Walling,  of  Easton, 
Pennsylvania. 

(ABSTRACT.) 

Commencing  with  the  generally  admitted  proposition  that 
all  physical  phenomena  are  made,  up  of  motions  of  matter/ 
either  "molar"  or  "molecular,"  new  definitions  of  force  and 
matter  were  advanced,  drawing  between  them  the  line  of  de- 
marcation more  clearly  and  sharply  than  is  done  in  the  trea- 
tises on  natural  philosophy. 

Matter  was  defined  as  thaJt  which  may  be  moved  by  becoming 
associated  with  force.  Force  as  that  which  when  associated  toith 
WrOtter  causes  it  to  move.  We  are  Justified  in  recognizing  the 
substantive  exis^nce  of  force,  as  well  as  that  of  matter,  and 
one  object  of  this  paper  will  be  to  show  that  the  former  may 
and  does  have  an  independent  existence.  Some  of  the  so- 
called  "primary  properties"  of  matter,  such  as  impenetrability, 
hardness,  elasticity,  etc.,  are  not  real  properties  of  matter  per 
ie^  but  the  phenomena  upon  which  the  supposition  of  their  ex- 
•istence  is  based  are  manifestations  of  associated  force  and 
consequent  motion. 

Inertia  is  not  a  property  of  matter  any  farther  than  it 
expresses  the  principle  that  matter  alone  will  not  move.  When 
matter  and  force  become  associated^  the  result  is  motion,  and 
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since  they  do  not  spontaneously  dissociate,  this  motion  will  be 
continaous.  Opposing  forces  acting  upon  the  same  matter 
produce,  if  exactly  equal  and  opposite,  resultant  rest. 

The  vexed  question  of  the  infinite  divisibility  of  matter  may 
be  disposed  of  by  admitting  the  mathematical  principle  upon 
which  the  differential  calculus  is  founded,  namely,  that  there 
are  different  orders  of  infinity  both  in  the  direction  of  immen- 
sity and  of  minuteness,  the  relations  of  quantities  in  the  dif- 
ferent orders  being  those  which  are  considered  to  exist  between 
finite  and  infinite  quantities  and  between  differentials  of  dif- 
ferent orders.  Thus  chemical  atoms,  though  infinitesimal  when 
compared  with  finite  bodies,  have  definite  relative  magnitudes 
when  compared  with  each  other,  and  may  even  be  considered 
as  infinitely  great,  when  their  diameters  are  compared  with 
those  of  the  Hues  of  force  by  which  they  are  traversed. 
The  postulates  of  the  hypothesis  now  offered  are, — 
FHrst:  Force  is  onmipresent,  occupying  every  possible 
straight  line  in  both  of  its  opposite  directions. 

Second:  It  is  infinite  in  quantity  in  each  and  every  Hue  and 
direction. 

Third:  The  amount  of  force  which  becomes  associated  with 
a  given  atom  in  a  unit  of  time  bears  a  constant  ratio  to  the 
entire  amount  of  force  which  acts  upon  the  atom. 

Fourth:  When  two  atoms  are  situated  in  the  same  line  of 
force  there  is  an  inequality  of  action  producing  results  analo- 
gous to  those  which  would  follow  the  interc^ion  of  a  stream 
of  matter  dr  a  succession  of  waves.  The  amount  of  force  act- 
ing upon  the  second  atom  in  the  order  of  the  force's  direction, 
is  less  than  that  acting  upon  the  first  by  an  amount  which  will 
depend  upon  the  magnitude  or  associating  capacity  of  the 
latter.  The  word  interc^ion  will,  for  convenience,  be  used 
hereafter  to  indicate  the  action  here  supposed. 

Admitting  these  postulates,  it  will  be  seen  that  a  single  atom 
in  space  would  be  acted  upon  by  equal  forces  in  all  directions 
and  no  motion  would  result.  If,  however,  a  second  atom  be 
introduced,  mutual  interception  of  force  Cakes  place  in  accord- 
ance with  the  fourth  postulate,  and  resultant  forces  become 
mutually  and  simultaneously  associated,  ^urging  the  atoms 
towards  each  other. 
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The  amount  of  force  thus  associated  is  always  necessarily 
equal  and  opposite  in  the  two  atoms,  for  if  we  indicate  the  two 
atoms  by  A  and  B,  and  the  amounts  of  force  intercepted  by 
each,  respectively,  in  a  unit  of  time  from  the  external  and 
opposite  lines  of  force,  by  a  and  6,  we  have  the  resultant  im- 
pelling A  towards  B, 

a  +  oo  —  (oo  —  6)  =  a-f-6 

while  that  impelling  B  towards  A  is 

6-f-oo  —  (oo  —  a)  =  6-f-a 

The  law  of  the  inverse  squares  is  an  obvious  consequence  of 
the  assumption  that  atoms  have  definite  size  when  compared 
with  lines  of  force,  being  the  law  of  radiant  forces.  For  if 
the  atoms  are  capable  of  subtending  angles  made  by  force 
lines,  these  angles  will  vary  with  the  distances,  and  the  integral 
of  all  the  force  rays  which  may  pass  through  one  atom  to  any 
point  upon  the  other  will  be  inversely  as  the  square  of  the 
distance  between  the  atoms.* 

While  this  hypothesis  of  the  cause  of  gravitation  obviates 
the  necessity  for  attributing  an  inherent  attractive  power  to 
matter,  enabling  each  atom  to  exercise  an  incredibly  wonder- 
ful power  of  discriminating  the  positions  of  other  atoms  and 
of  acting  "where  it  is  not,"  it  likewise  removes  a  most  seri- 
ous difficulty  in  reconciling  the  conservation  theory  with  the 
facts  in  regard  to  gravitation.  This  difficulty  cannot  be  better 
stated  than  in  the  words  of  Faraday,  as  follows:  "There  is 
one  wonderfbl  condition  of  matter,  perhaps  its  only  true  indi- 
cation, namely  inertia^  but  in  relation  to  the  ordinary  definition 
of  gravity,  it  only  adds  to  the  difficulty.  For  if  we  consider 
two  particles  of  matter  at  a  certain  distance  apart,  attracting 
each  other  under  the  power  of  gravity,  and  free  to  approach, 
they  will  approach ;  and  when  at  only  half  the  distance,  each 
will  have  had  stored  up  in  it,  because  of  its  inertia^  a  certain 
amount  of  mechanical  force.     This  must  be  due  to  the  force 

*Thi8  view  of  the  canse  of  gravitation  was  advanced  by  the  writer  in  a  contri- 
bution to  Silliman's  Journal  in  1864,  vol.  xl,  p.  254.  It  was  not  until  I  read  a  very 
interesting  paper  by  James  Croll,  in  the  *'  London  Edinburgh  and  Dublin  Philo- 
sophical Magazine/*  December,  1867,  that  I  became  aware  that  somewhat  similar 
views  had  been  previously  entertained  by  Faraday,  Waterston  and  others. 
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exerted,  and  if  the  conservation  principle  be  true  must  have 
consumed  an  equivalent  proportion  of  the  cause  of  attraction, 
and  yet  according  to  the  definition  of  gravity,  the  attractive 
force  is  not  diminished  thereby,  but  increased  fourfold,  the 
force  growing  up  within  itself  the  more  rapidly,  the  more  it  is 
occupied  in  producing  other  force. 

On  the  other  hand  if  mechanical  force  from  without  be  used 

to  separate  the  particles  to  twice  their  distance,  this  force  is 

not  stored  up  in  momentum  or  by  inertia,  but  disappears  ;  and 

three-fourths  of  the  attractive  force  at  first  disappears  with  it. 

-flbircanthisbe?" 

I  apprehend  that  the  principle  of  conservation  of  energy,  if 

applied  only  to  associated  force,  that  is,  to  the  aggregate 

momentum  or  vis  viva  of  matter  in  mechanical  or  molecular 

motion,  can  only  be  maintained  by  including  in  the  estimate  of 

vis  viva  an  imaginary  quantity  called  "potential  energj^"  a 

conception  which  seems  to  me  liable  to  every  objection  which 

can  be  brought  against  that  of  the  independent  existence  of 

force,  without  the  simplicity  of  the  latter. 

The  harmony  of  my  hypothesis  with  the  conservation  of  force 
is  evident.  The  equal  and  opposite  forces  which  are  stored  up 
in  the  approaching  bodies  are  taken  from  the  lines  of  force 
in  which  the  bodies  are  located,-  diminishing  their  quantities  by 
just  the  amount  which  becomes  associated  with  the  bodies. 
When  gravitation  is  counteracted  by  some  other  force  and  the 
approaching  bodies  are  stopped  and  separated,  the  associated 
force  is  dissociated  and  restored  to  the  line  of  force  which  is 
traversed. 

An  immensely  important  principle,  a  corollary  to  that  just 
stated  and  forming  one  of  the  fundamental  laws  or  axioms  of 
dynamics,  is  here  developed.  Assuming,  as  I  do,  that  the 
universal  force  already  described  is  the  only  force  in  nature,  it 
follows  that  no  two  atoms  or  bodies  in  the  universe  can,  by 
mutual  action,  approach  each  other,  without,  by  such  mutual 
action,  storing  up  equal  amounts  of  force  in  opposite  direc- 
tions, nor  can  they  separate  without  losing  or  imparting  equal 
amounts  of  their  associated  force  to  the  traversed  line  of  force. 
When  followed  out  to  its  results  in  all  directions  we  shall  per- 
ceive that  this  principle  is  equivalent  to,  or  rather  identical 

A.  A.  A.  8.  VOL.  XVU.  81 
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with,  the  "third  law"  of  Newton,  namely,  that  action  and 
reaction  are  equal  and  opposite. 

In  order  to  see  this  more  clearly  it  will  be  necessary  to  con- 
sider the  nature  of  what  are  called  repulsions.  There  is  no 
more  ground  for  maintaining  the  existence  of  inherent  re- 
pulsions than  of  inherent  attractions,  I  will  now  attempt, 
therefore,  to  show  how  bodies  or  atoms  are  impelled  from  each 
other. 

The  obvious  and  simple  cause  of  this  apparent  repulsion  is 
the  momentum  or  inertia^  of  the  matter  in  motion.  A  comet 
for  example,  whirls  with  almost  incredible  velocity  aroimd  the 
sun,  and  flies  off  into  space  in  a  nearly  parabolic  orbit.  Is  re- 
pulsion the  cause  of  this  ?  No  more  than  it  is  the  cause  of  the 
continued  ascending  motion  of  the  pendulum  after  it  has 
passed  its  lowest  point.  The  true  cause  in  both  cases  is  the 
momentum  of  the  moving  body.  This  is  familiar  to  every 
student  of  astronomy  or  mechanics. 

By  applying  the  same  principle  to  the  motions  of  atoms  we 
shall  see  that  the  ultimate  or  limiting  force  with  which  atoms 
or  molecules  will  separate  from  each  other  is  equal,  in  any  pair, 
to  the  excess,  at  an}'  position,  of  the  actual  momentum  over 
that  which  would  have  been  acquired  in  falling  by  mutual 
gravity,  towards  each  other  to  that  position  from  an  infinite 
distance.  This  excess  constitutes,  therefore,  the  force  of 
virtual  repulsion. 

If  now  we  free  our  minds  from  the  dogmas  of  the  impene- 
trability of  matter,  hardness  of  atoms,  etc.,  we  may  obtain 
wonderfully  simple  and  satisfactory  views  of  the  constitution 
of  matter,  the  transformations  it  undergoes  and  the  function  of 
heat  in  effecting  these  transformations. 

Let  us  first  consider  the  nature  of  heat,  the  cause  of  its 
"  repulsive  agency,"  and  the  reasons  for  the  changes  of  con- 
dition from  the  solid  to  the  liquid  and  from  the  liquid  to  the 
gaseous  condition,  which  continued  additions  of  heat  produce 
upon  matter. 

If  we  suppose  the  atoms  of  all  bodies  to  be  in  motion  among 
each  other,  impelled  towards  each  other  by  mutual  gravitation, 
and  moving  beyond  each  other  in  accordance  with  the  law  of 
inertia^  we  may  give  the  name  heat  to  the  atomic  motion,  and 
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temperature  will  be  represented  by  the  momentum,  or  mv. 
We  shall  see  that  there  may  be  three  conditions  of  motion  in  a 
body  or  aggregation  of  atoms. 

First :  That  in  which  the  acquired  motion  is  less  than  the 
potential  motion  of  gravity;  that  is,  less  than  would  be  ac- 
quired by  falling  from  an  infinite  distance.  In  this  case  the 
orbits  of  the  atoms  would  be  such  as  to  retain  the  aggregation 
within  finite  limits,  corresponding  to  elliptical  orbits  of  the 
solar  system.    This  would  be  the  solid  condition  of  matter. 

Second :  That  in  which  the  acquired  motion  is  just  equal  to 
the  potential  of  gravity,  or  what  would  be  acquired  by  falling  an 
infinite  distance.  The  ^^  attractions"  and  ^^repulsions''  would, 
in  this  condition  be  exactly  balanced  and  the  condition  one  of 
unstable  equilibrium,  represented  by  the  surface  of  a  volatile 
Uquidj  where,  doubtless,  vaporization  and  condensation  are 
continually  going  on,  as  determined  by  minute  variations  of 
temperature  and  pressure. 

Third:  That  in  •which  the  acquired  motion  exceeds  the 
potential  of  gravity,  when  virtual  repulsion  takes  place ;  that 
is,  the  atoms  tend  to  separate  to  an  infinite  distance  with  a 
positive  force,  giving  rise  to  the  gaseoxis  condition. 

The  problem  of  tracing  deductively  the  paths  of  innumerable 
atoma,  each  attracting  all  the  others  according  to  the  law  of 
the  inverse  squares,  seems  one  of  hopeless  complexity,  and 
probably  exceeds  the  power  of  the  human  intellect.  It  is  only 
by  inductive  processes  that  we  may  hope  to  arrive  at  useful 
results  in  this  direction.  The  problem  is  simplified  very 
greatly  by  the  chemical  law  of  the  absolute  equality  of  weight 
or  inertia  in  the  atoms  or  molecules  of  homogenous  substances. 
Moreover  in  gases,  liquids  and  chemically  homogeneous  solids 
we  must  conclude  that  under  a  uniform  temperature,  towards 
which  there  is  a  constant  tendency,  absolute  symmetry  of 
atomic  arrangement  and  motion  must  obtain,  since  in  every 
portion,  of  whatever  form  or  dimensions,  we  find  precisely  the 
same  specific  gravity,  that  is,  equal  numbers  of  atoms  in  equal 
spaces.  Still  farther,  when  gases  are  brought  into  contact 
with  difilerent  gases,  liquids  with  liquids  (except  when  immis- 
cible), and  even  when  certain  liquids  and  solids  are  mixed,  a 
diffusion  or  solution  takes  place  and  the  two  or  more  sub- 
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the  side  contaimng  the  oxygen  would  be  swelled  to  a  larger 
bulk ;  the  tendency  to  symmetrical  distribution  would  at  length 
assert  itself  however,  and  the  two  gases  would  be  found  mixed 
in  equal  quantities  on  each^ide  of  the  septum. 

When  change  of  gaseous  volume  is  produced  by  chemical 
union,  we  must  suppose  that  the  chemically  combined  atoms 
arrange  themselves  into  systems,  each  of  which,  so  far  as  heat 
motion  or  the  mutual  action  of  bodies  to  produce  equilibrium 
of  temperature  is  concerned,  plays  the  part  of  a  single  atom. 

In  the  hydrochloric  acid  type,  for  example,  where  the  gaseous 
bulk  remains  unchanged,  we  infer  that  each  atom  plays  its  own 
role  in  heat  operations.  In  the  water  type  the  single  atom  of 
oxygen  ^lay 8  one  part,  and  the  two  of  hydrogen  another ;  in 
the  ammonia  type,  the  single  atom  of  nitrogen  plays  one  part, 
and  the  three  of  hydrogen  another,  and  so  on  throughout  all 
the  infinite  variety  of  chemical  combinations.  The  volume  of 
the  compound  gas,  could  we  obtain  the  combination  in  a 
gaseous  form,  would  accordingly  determine  into  how  many 
systems,  each  equivalent  to  a  single  atom  in  its  heat  functions, 
the  combined  atoms  had  aggregated  themselves. 

The  development  of  heat  by  the  compression  of  gases  and 
its  absorption  by  their  expansion  is  another  evident  conse- 
quence of  this  hypothesis.  By  compression  the  atoms  are 
brought  under  a  more  powerful  gravitating  influence,  which 
increases  the  momentum,  or,  in  other  words,  the  temperature 
of  the  gas.  In  expansion  exactly  the  reverse  of  this  takes 
place  ;  the  atoms  being  withdrawn  to  a  greater  mean  distance 
from  each  other  are  less  reenforced  by  gravity,  and  their 
fnomenta  or  temperatures  are  reduced. 

The  remarkable  law  discovered  by  Dulong  and  Petit,  that 
the  specific  heat  of  elementary  bodies  is  inversely  as  their 
atomic  weights,  may  be  considered  as  direct  evidence  in  sup- 
port of  the  hypothesis  that  temperature  is  momentum.  For  if 
we  admit  this  hypothesis,  remembering  that  the  measure  of 
specific  heat  is  not  one  of  absolute  associated  force  or  mo- 
mentum, but  of  vw  viva  or  work  done  in  increasing  the  veloc- 
ity of  the  atoms,  a  measure  of  space  effects  produced  or  to  be 
produced,  it  obviously  follows  that  more  of  this  kind  of 
quantity  will  be  required  to  produce  the  same  momentum  in  a 
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light  atom  than  in  a  heavy  one,  in  the  exact  ratio  of  the 

greater  velocity  imparted,  or  in  the  inverse  ratio  of  the  weights. 

This  is  just  what  Dulong  and  Petit  have,  by  careful  experiment, 

established  in  regard  to  many  substances,  both  simple  and 

compound. 

In  tracing  the  transformations  of  matter  from  the  gaseous  to 
the  liquid,  and  from  the  liquid  to  the  solid  condition,  we  can- 
not be  guided  by  a  priori  or  mathematical  investigations,  and 
<^  only  suppose  such  changes  to  take  place  in  the  paths  and 
motions  of  the  atoms,  as,  while  conforming  to  the  general 
pnnciples  already  stated,  will  most  fully  coincide  with  the 
Mctatd  facts  in  the  results  to  be  expected  from  the  theory. 

We  may,  for  example,  suppose  that  in  passing  from  the 
vaporous  or  gaseous  to  the  liquid  condition,  the  momentum  of 
the  atoms  falls  below  the  potential  of  gravity,  so  that  instead 
of  moving  in  continuous  direetions,  the  lines  of  atoms  break 
up  into  closed  orbits  which  are  long  ellipses  or  loops  in  form. 
They  may  be  interlinked  at  their  vertices  in  one  direction  in 
each  plane. 

At  the  moment  when  this  occurs  some  remarkable  changes 
take  place.  The  atoms  drop  down  upon  each  other  from  the 
distances  due  to  their  previous  direct  motions  and  the  virtual 
repulsion  of  their  surplus  momentum,  to  that  which  will  give 
equilibrium  to  their  new  closed  orbits.  The  entire  distance 
thus  passed  through  of  course  depends  upon  the  pressure  to 
which  the  gas  or  vapor  was  subjected  before  it  became  con- 
densed to  a  liquid.  Thus  water  is  about  seventeen  hundred 
times  more  dense  than  its  vapor  when  the  latter  is  confined  at 
a  pressure  of  fifteen  pounds  to  the  square  inch. 

All  the  atoms  in  a  single  orbit  probably  have  now  a  single 
direction  of  angular  motion,  and  stretch  around  in  compara- 
tiyely  close  proximity  to  each  other,  somewhat  as  a  meteoric 
ring  may  be  supposed  to  pass  around  the  sun. 

A  reenforcement  of  gravity  is  produced  by  this  approach  of 
the  atoms,  assisted  perhaps  by  the  interlinking  of  the  orbits, 
which  reenforcement  is  accompanied  by  an  acceleration  of 
motion  and  consequent  increase  of  temperature,  or  develop- 
ment of  ^^  latent  heat." 
Some  partial  idea  of  the  immense  quantity  of  force  associ- 
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ated  with  the  atoms  of  a  liquid,  and  their  consequently  enor- 
mous velocity  may  be  obtained  by  considering  what  amount  of 
velocity  would  be  generated  by  the  force  which  would  be 
required  to  raise  a  quantity  of  water,  for  example,  one  degree 
in  temperature.  This  velocity  for  water  would  equal  that  gen- 
erated in  a  fall  of  seven  hundred  and  seventy-two  feet,  namely, 
somewhat  less  than  7  X  32  or  two  hundred  and  twenty-four 
feet  in  a  second.  If  now  the  temperature  of  the  water  above 
absolute  zero  is,  say  four  hundred  degrees,  we  have  a  velocity 
of  s/  400  X  224  or  four  thousand  four  hundred  and  eighty  feet 
in  a  second.  It  is  not  at  all  wonderful  then,  that  water  and 
other  liquids  resist  compression,  with  such  enormous  force  for 
any  compression  must  still  farther  increase  the  velocity  of  the 
atoms  and  their  consequent  momentum  and  power  *to  resist 
pressure.  Each  atom  will  be  impelled  against  the  compressing 
surface  (or  around  its  exterior  atoms)  with  a  velocity  more 
than  twice  greater  than  that  of  the  swiftest  cannon  ball. 

In  the  liquid,  as  in  the  gaseous  or  vaporous  condition,  we 
find  that  the  atoms  or  molecules  are  free  to  obey  the  impulses 
of  any  external  force  so  long  as  it  does  not  tend  to  reduce 
the  amplitude  of  the  periodical  motion,  or  what  is  the  same 
thing  to  compress  the  liquid  into  smaller  bulk. 

K  we  investigate  the  effect  of  a  still  farther  diminution  in 
the  heat  or  velocity  of  atoms,  we  shall  probably  find  that  the 
long,  elliptical,  or  loop-like  orbits  of  liquids  become  gradually 
somewhat  reduced  in  size  and  changed  in  form,  so  that  at  a 
cgrtain  period,  a  second  or  lateral  interlinking,  at  the  extremi- 
ties of  the  conjugate  axes  or  diameters,  takes  place,  and  a  form 
of  molecule  is  originated  which  gives  the  rigidity  of  structure 
found  in  solid  bodies. 

Doubtless  the  most  direct  path  to  positive  knowledge  in 
regard  to  the  forms  of  solid  molecules,  is  through  the  study  of 
crystalline  forms  and  forces. .  It  is  now  generally  understood 
that  cohesive  attraction  in  homogeneous  substances  is  identical 
with  the  polar  force  of  crystallization.  A  glance  at  the  gen- 
eral features  of  crystallogeny,  as  now  taught,  will  be  likely, 
therefore,  to  render  essential  aid  in  the  investigation. 

Professor  Dana,  in  the  introduction  to  his  great  work  on 
mineralogy,  reduces    all    the  various    forms  of   crystals  to 
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primaiy  ellipsoids,  which  he  supposes  to  be  held  tc^ether  by 
a  powerftil  attractiye  force  which  suddenly  comes  into  exist- 
ence at  the  instant  when  crystallization  takes  place,  at  the 
extremities  of  conjugate  axes  of  the  ellipsoids. 

While  this  hypothesis  is  amply  sufficient  to  account  for  all 
the  various  forms  of  crystals,  which  it  does  in  a  simple  and 
beautiful  manner,  the  source  of  the  polar  force,  by  which  the 
preTioosly  liquid  molecules  are  compacted  into  the  hard  un- 
yielding crystal,  is  lefb  as  much  in  the  dark  as  before,  and 

/  such  questions  as  the  following  naturally  occur  to  the  student. 

j  What  is  the  nature  and  constitution  of  this  ellipsoid?    Is  it 

solid,  hard,  elastic,  etc.  ?  Why  does  the  polar  force  remain 
dormant  in  the  liquid,  and  suddenly  start  into  existence  at  the 
instant  of  solidification?  Why  is  it  confined  to  six  points  on 
the  surface  of  the  ellipsoid  ?  To  these  inquiries,  the  most  dili- 
geut  questioners  of  nature  seem  as  yet  to  have  received  no 
satisfactory  response. 

In  answer  to  such  of  them  as  have  not  already  been  ans- 
wered in  this  paper  I  venture  to  make  the  following  suggest- 
ions. 

Upon  the  surface  of  the  primary  ellipsoid  of  Wollaston  and 
Dana,  suppose  three  ellipses  to  be  described  by  the  intersec- 
tion of  bisecting  planes  parallel  with  the  sides  of  the  circum- 
scribing prism  and  to  the  planes  of  crystallization.  These 
three  ellipses  will  intersect  each  other  at  the  six  poles  of 
crystalline  attraction.  Removing  the  eUipsoid,  we  will  retain 
only  the  imaginary  ellipses,  which  we  will  suppose  to  be  re- 
placed by  the  rings  of  atoms  already  described. 

Solid  molecules  as  before  described  iure  each  made  up  of  at 
least  three  rings,  revolving  with  enormous  rapidity  in  different 
planes,  and  intersecting  each  other  at  the  six  crystalline  poles, 
each  ring  interlinking  at  four  of  these  intersections  with  the 
corresponding. ring  of  the  adjacent  molecule,  thus  calling  into 
existence  at  the  six  poles  that  powerful  attraction  which  was 
to  be  accounted  for.  Moreover  the  polar  property  of  this  at- 
traction, which  has  heretofore  efilBCtually  baffled  its  investi- 
gators, is  clearly  accounted  for,  being  due  to  the  direction  of 
the  planes  of  atomic  motion,  and  the  tendency  to  preserve 
these  planes,  and  continue  them  from  molecule  to  molecule. 
82 
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•To  account  for  the  ellipsoidal  forms  of  the  molecules,  we 
have  only  to  bear  in  mind  that  in  a  body  of  uniform  temperar 
ture  the  mean  momenta  of  the  atoms  are  equaL  K,  therefore, 
the  rings  forming  a  molecule  are  unequal  in  weight  it  follows 
that  the  heavier  rings  will  move  in  correspondingly  shorter 
orbits. 

In  the  case  of  chemical  compounds,  these  rings  as  already 
suggested,  might  be  made  up  of  secondary  systems  analogous 
to  those  of  planets  and  satellites  in  the  solar  system.  These 
systems  would  most  likely  be  so  made  up  as  to  introduce  no 
exaggerated  and  unstable  disproportion  into  the  dimensions  of 
the  elliptical  rings  forming  the  molecules. 

Supposing  each  of  these  rings  to  be  made  up  of  similarly  com 
bined  systems,  the  resulting  form  of  molecule  would  be  that 
of  the  sphere,  the  primary  form  of  the  monometric  system  of 
crystals.  It  is  easy  to  see  how  all  the  other  primary  forms 
of  crystals  may  be  derived,  by  introducing  rings  of  various 
lengths  into  the  primary  molecules. 

It  seems  not  improbable  that,  by  carefully  studying  the 
modes  of  arrangement  into  systems  and  rings,  the  calculation 
of  crystalline  forms  may  be  reduced  to  a  problem  in  dynamics. 

The  limits  of  this  paper  will  admit  only  a  hasty  glance  at 
the  hypothesis  of  the  universal  ether ^  now  generally  supposed  to 
occupy  celestial  spaces,  and  to  constitute  the  medium  by  which 
the  light  and  heat  of  the  heavenly  bodies  is  transmitted  with 
such  wonderful  velocity.  K  we  admit  the  existence  of  such  an 
ether,  there  seems  to  be  no  reason  why  it  should  be  considered 
so  different  in  its  nature  from  other  matter  as  to  require  a 
different  definition  or  different  laws  of  association  with  force. 
It  is  only  necessary  to  remember  that  its  atoms  are  relatively 
almost  infinitesimal  when  compared  with  ordinary  chemical 
atoms,  since  they  have,  so  far,  effectually  eluded  all  attempts 
to  weigh  them,  either  by  their  retarding  effects  upon  celestial 
motions,  or  by  their  incorporation  into  any  chemical  com- 
pounds. Hence  in  accordance  with  the  dynamical  principles 
already  stated,  they  must  move  with  an  almost  infinite  velocity 
when  compared  with  that  of  even  the  lightest  ordinary  known 
atoms,  as,  for  example,  those  of  hydrogen.  This  supposition 
seems  to  accord  with  the  almost  inconceivably  rapid  transmis- 
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sion  of  light  and  heat.  When  we  have  accurately  determined 
the  temperature  of  the  celestial  spaces  and  other  necessary 
data,  we  may  calculate  the  chemical  equivalents  of  the  etherial 
atoms  by  dividing  this  temperature  by  then-  velocity.  Thus,  if 
we  estimate  the  velocity  of  a  hydrogen  atom,  at  a  temperature 
of  four  hundred  degrees  above  absolute  zero,  to  be  three  miles 
per  second,  and  the  velocity  of  the  etherial  atoms,  at  one  hun- 
dred and  ninety-six  degrees  above  absolute  zero,  to  be  one 
hundred  and  ninety  thousand  miles  per  second,  we  obtain  the 
velocity  of  the  latter  at  four  hundred  degrees  by  the  following 
proportion,  V 196 :  V400  ::  190000:  270000  nearly,  hence 
the  chemical  equivalent  of  the  etherial  atom,  reckoning  hydro- 
gen at  nnity,  is  -jfip^oo  or  .000001  nearly. 

In  settlement  therefore  of  the  long  controversy  between  the 
undulatory  and  corpuscular  theories  of  light  it  may  be  found 
tiiat  both  are  partly  right  and  partly  wrong.  That  is,  the 
optical  effect  is  not  produced  by  a  direct  impact  of  particles  as 
supposed  by  Newton,  but  by  transmitted  disturbances  of  the 
•  dynamical  equilibrium^  in  other  words,  by  vibrations,  while  on 
the  other  hand  the  rapidity  of  the  transmission  is  due  to  the 
proper  motions  of  the  atoms. 

With  this  outline  sketch,  which  has  already  occupied  too 
much  of  your  time,  I  leave  the  subject  for  the  present.  I 
cannot  doabt  that  the  application  of  this  hypothesis  to  chem- 
ical, optical,  and  electrical  science,  will  furnish  a  clue  to  some 
of  their  hitherto  unsolved  mysteries,  and  especially  in  the 
elucidation  of  that  great  principle  of  universal  polarity  or 
simultaneous  exhibition  of  equal  and  opposite  forces,  for  which 
no  adequate  cause  has  yet  been  produced.  Ampere's  beautiful 
theory  of  the  identity  of  electricity  and  magnetism,  for  ex- 
ample, seems  to  be  a  confirmation  of  the  hypothesis  I  have 
advanced.  Indeed,  the  figures  with  which  he  illustrates  the 
cuirents  of  electricity  in  magnets,  seem  to  be  drawn  almost  on 
purpose  to  indicate  such  atomic  motions  as  I  have  been  de- 
scribing. 
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26.  The  Volcanic   Tide  Belt  and  the  "Wokld's  Flood- 
gates.   By  Theodore  C.  Hilgard,  M.  D.,  St.  Louis,  Mo. 

It  is  now  the  time  to  call  attention  to  the  fact  that  all  large 
open  sea-expanses  (exclusive  of  all  the  tideless  inland  seas, 
such  as  the  Baltic,  the  Mediterranean,  Caspian,  and  our  Lakes) 
are  actually  underlaid  by  cold  strata,  at  a  rapid  rate  deprived  of 
heat,  by  the  convection,  at  large,  of  polar  undercurrents,  often 
a  great  deal  below. the  freezing  point  of  fresh-water  or  ice,  and 
by  miles  df  hydrostatic  height — and  thus  are  notoriously  of  a 
much  lower  temperature  than  the  adjacent  continents  at  cor- 
responding depths.  Therefore,  the  large  oceanic  depths  being 
more  uniform,  and  at  the  least  by  as  much  thicker  than  the 
former,  as  the  height  of  snow-line  plateaux  of  continents  is 
above  the  sea,  and  being  accordingly  of  a  specific  density 
therefib  corresponding,  it  follows  that  the  crust  of  rock  under- 
lying the  oceanic  hemisphere,  and  the  Arctic  Basin,  likewise, 
must  represent  a  submarine  impending  inverted  continent 
whereof  the  refrigerated,  semirigid,  basal  mass  is  sealing* 
down,  as  it  were,  by  the  semifused  volcanic  substances,  our 
central  bottomless  pit  of  unquenched  fires,  with  a  liquid  centre, 
and  only  incarcerated  from,  above.  Now  the  rigid  crust  under 
the  sea  is  far  more  ponderous  than  that  of  the  low  continental 
expanses  at  corresponding  depths,  and  often  probably  pro- 
trudes a  jutting  broadside,  downward  into  the  volcanic  interior. 

Nor  is  the  geographical  relation  of  volcanic  action  as  yet 
frilly  appreciated  in  geophysical  science. 

The  "continental"  hemisphere,  actually  centering  near  the 
prophetic  queen  city  of  the  "orbis  terrarum"  (or  terraneous 
semiglobe)  is  a  dome,  or  terrestrial  cupola,  the  centre  whereof 
as  a  pantheon's*  "sky-light"  is  perforated  by  Mounts  Etna, 
Stromboli  and  Vesuvius,  etc.,  and  is  divided  from  a  prepon- 
deratingly  "aquatic"  or  "oceanic"  one  by  an  imaginary  divi- 
ding-line such  as,  e.^.,  claimed  by  Humboldt  and  other  geog- 
raphers ;  but  which,  if  laid  only  ten  degrees  farther  north,  at 
its  northern  apex,  in  the  Pacific  Ocean,  while  actually  contain- 
ing as  much  oceanic  expanse,  when  coinciding  with  the  Aleu- 

*  or  pandemoniom'B  ? 
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tUn  Archipelago  will  thus  at  once  be  foand  identical  with  tke 
volcanic  belt  of  the  Globe  as  a  "  greatest  circle,"  almost  undevi- 
ating  firom  a  girth  cutting  the  eqaator  at  Sumatra  (or  in  the 
exploaiTe  East  Indian  volcanic  Archipelagoes)  and  likewise 
antipodally  explosive  in  the  eqaatorial  precinct  of  the  late  dis- 
astrous earthquake;  the  famous  province  of  Quito,  with  the 
Cayambe  at  latitude  0'',  and  in  the  immediate  neighborhood 
of  the  clustering  cones  of  Chimborazo,  Cotopaxi,  Antisana, 
Pichincha^  and  the  volcano  of  Pasto  farther  north. 

It  must  be  recollected  that  this  volcanic  girdle  forms  an 
unbroken  continuity,  firom  the  East  Indies,  or  the  Sunda 
Archipelago,  through  the  Philippines,  Loo-choo,  the  Japanese 
and  the  Kuriles  Archipelagoes,  and  all  the  length  of  Kamts- 
cbatka,  tending  in  a  north-easterly  direction,  where  the  famous 
Aleutian  Archipelago  joins  at  right  angles,  and,  together  with 
•the  Peninsula  of  Alaska,  forms  nearly  a  quadrant  of  a  circle 
around  a  point,  almost  within  Behring  Strait,  and  exactly 
on  the  Arctic  circle,  23^**  south  of  the  present  North  Pole ; 
through  Alaska,  British  Columbia,  Oregon,  and  almost  strik- 
ing the  South  Pass — that  original  crest  of  head-waters  diver- 
ging into  four  important  rivers,  the  Columbia,  the  Colorado,  the 
Missouri  and  the  Platte  rivers — on  through  California,  Mexico, 
Quito,  Peru,  Bolivia  and  Chili,  this  "eruptive  crack  of  our 
"earthen"  Globe;  switching  off  rather  to  the  right,  to  Cape 
Horn,  is  thence  dotted  out  by  a  rectangularly  incident  linear 
Archipelago  composed  of  the  Falkland  Islands,  the  Aurora 
Islands,  New  Georgia,  Brown's  Islands  and  Sandwich  "Land" 
(not  "Islands"),  whence,  after  a  short  interruption — by  only 
one-fifth  of  a  girth — the  line,  swerving  to  the  left,  subsumes 
Madagascar,  the  so-called  Mascarenes,  the  Seychelles,  the 
volcanic  straits  of  Babel  Mandeb,  the  Laccadives  and  Mal- 
dives, rejoining  the  line  of  direction  only  at  Sumatra,  rather 
along  the  outlines  of  aU  the  adjacent  continents. 

Although  only  an  approximative  girth  of  our  world,  it  em- 
phatically separates  the  aqueous  hemisphere  from  the  "terres- 
trial," so-caHed  one,  by  a  succession  of  eruptive  fissures,  almost 
invariably  following  the  crude  configurations  of  continents  at- 
vxiys  near  the  coasts. 

*Picliinclui  alone  stands  as  the  apex  of  a  erutt  the  rest  are  "cones." 
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On  the  Asiatic  side  they  follow  the  x^oast-line  far  out  at  sea. 
On  the  American  side  they  follow  the  coast  rather  closely  in 
the  land.  The  West  Indies,  however,  are  predicable  as  belong- 
ing to  the  great  eqaatorial  explosive  intersection-ground,  and 
are  a  probably  "recent  demersion"  with  the  late  elevation  of 
Quito  for  a  paragon.  In  either  case  they  stand  eastward  of 
the  border  of  the  Pacific  adjoining. 

It  is  evident,  as  Professor  Perrey  of  Dijon  has  repeatedly 
mooted,  that  a  Plutonic  semiliquid  or  liquid  molten  mass  must 
obey  the  Newtonian  tide-agencies  more  promptly  than  does 
the  sea ;  the  latter  being  only  a  few  miles  in  depth,  against  a 
radius  of  four  thousand  miles  of  unaccounted,  but  partially 
liquid,  nature.  Of  course,  then  "the  planetary  elongation" 
wrought  by  the  computed  gravitative  velocitarian  diflference 
between  our  Globe's  centre  and  its  zenith,  as  well  as  nadii*, 
and  that  towards  and  under  the  moon  amounting  to  about  five 
feet,  would  mainly  occur  in  the  semiliquid  or  fused  central 
mass.  The  confining  crust  for  continents  is  computed  to  have 
about  twenty-five  miles  thickness ;  but  it  must  in  high  seas — 
of  several  miles  depth  and  of  very  low  profundal  temperatures 
— be  estimated  a  good  deal  more  rigid,  resistant  and  uniform, 
and  at  the  same  time  projecting  below  the  terraneous  crust  by 
the  entire  depth  of  the  ocean,  and  to  which  must  be  added  the 
excess  of  thickness  by  the  incident  rigor,  or  huge  abstraction 
of  heat  by  contact  with,  and  convection  of,  gelid  submarine 
torrents  of  immense  thickness  or  height  as  propelled  from 
either  pole  towards  equatorial  coasts,  and  found  under-running 
and  partly  opposing,  partly  favoring,  the  circular  sea-currents 
as  they  move  towai'd — and  then  return  from — high  latitudes : 
and  whereby  the  coasts  of  South  America  receive  fi*om  either 
pole  a  cold  undercurrent,  naturally  conveyed  through  cortical 
channels,  depressed  by  their  own  specific  weight  being  in- 
creased by  cold  temperature,  and  thus  likewise  agglomerative 
of  more  (congelative)  "basaltic"  masses,  thereby  sinking  aU 
cold  channels  and  cold  sea-grounds  below  the  level  of  the  contu 
nental  crusts :  and  it  is  this  feature  which  at  once  explains  and 
subsumes  all  the  phenomena  intimated  in  the  heading.  All  the 
islands  of  the  Pacific  have  only  a  slight  tide,  whereas  there 
the  hydrographic  features  would  be  most  favorable  to  the  for- 
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matioii  of  the  superficial  oceanic-sheet  tide,  which  at  the  best 
co\jld  amount  to  only  a  fraction  of  an  inch ;  whereas  a  uni- 
formly and  hydrostatically  buoyant  interior  would  heave  up 
throughout  (causing  only  a  change  in  curve  and  in  star-times). 
Besides,  the  fact  shows  all  the  tides  to  have  the  strongest 
power  near  the  shores,  and  to  be  travelling  waves,  as  notori- 
ously admitted  by  all  experts,  with  a  velocity  from  east  Jo  west 
of  at  most  three  hundred  to  six  hundred  miles  an  hour; 
whereas  the  planetary  rotation  and  coincident  phenomena  at 
the  equator  travel  at  the  (rotatorial)  velocity  of  one  thousand 
miles  an  hour ;  hence  the  tide  cannot  be  transmitted  as  a  trav- 
elling wave !  Whewell's  well-reputed  tide-chart  in  fact  shows 
the  ebb  to  be  directly  under  the  culminating  moon  at  the  five 
controllable  points  at  the  coasts,  near  the  equator. 

At  Cape  Coast  Castle  (longitude  of  Greenwich,  with  culmin- 
ating moon  at  midnight),  we  find  No.  VI,  which  means  tide  at 
6  o'clock,  A.  M. ;  hence,  logically,  ebb  at  midnight — or  noon ! 
Under  the  culminating  moon  thirty  degrees  or  two  hours  farther 
west,  at  the  coast  of  Brazil,  we  find  VIII,  which  means  ebb  at 
2,  A.  M.    At  a  quadrant's  distance  we  find  the  moon  over  the 
Gallopagos  Islands,  and  fhll  ebb  from  'Lima  to  Guayaquil ; 
and  antipodally  to  Cape  Coast  Castle,  we  find  likewise  highest 
ebb  at  the  Gilbert's  Archipelago ;  and  antipodally  to  Quito  a 
lull  ebb  at  Sumatra,  Ceylon,  and  Cape  Comorin,  all  under  the 
culminating  moon !     Now  this  is  the  true  event  and  explains 
itself  fully  on  the  Newtonian  premises  of  planetary  elongative 
stress,  but  only  under  this  condition  that,  the  rigid  crust  resist- 
ingy  the  main  stress  results  as  a  local  sublevatory  shock  or  ebb 
at  the  lines  of  least  resistance,  the  warm  and  lowland  coasts, 
causing  a  wave  to  roll  off,  toward  the  Vea,  which  is  not  so 
pliant  in  its  undercrust,  and  returning  when  the  land  is  sunk, 
as  the  local  tide-roll  I 

This  fully  explains  all  the  tide-wave  reverberations  and  re- 
tardations so  aptly  shown  by  a  glance  at  Whewell's  chart :  both 
sides  of  South  America,  for  example ;  while  still  the  exciting 
cause,  i.e.  the  sublevatory  ebb-shock,  unimpeachably  performs 
.  its  "underground  railroad"  motion  after  the  well-known 
rhythm  of  a  tide — or  ebb — twice  in  twenty-five  hours,  as 
required  by  the  positive  fact  of  observation. 
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A  system  of  five  synchronous  tides,  and  as  exhibited  by 
Whewell's  Chart,  thus  becomes  at  once  explicable,  although 
one  of  them  is  at  least  a  very  dubious  and  at  all  events  a 
supernumerary  one  on  the  supposition  of  a  tide-roll  itself  per- 
forming the  transit.  It  is  the  dodecad  of  intercalary  sea-rolls 
inscribed  between  Adelaide  and  the  Cape,  whereas  the  text 
requires,  instead  of  twelve  hours,  but  one  single  hour's  difTer- 
ence.  A  triad  of  synchronous  wave-rolls  would  produce  a  tide 
three  times  in  twenty-five,  or  about  once  every  eight  hours; 
which  is  contrary  to  the  established  rule. 

As  we  can  only  rule  a  tide  or  ebb  where  there  is  land,  the 
high-sea  rolls  escaping  observation,  all  facts  agree  with  the 
assumption  of  a  subterraneous  upheaval  or  ebb  travelling  once 
in  twenty-five  hours  around  the  Globe.  At  the  mouth  of  the 
Amazon  we  find  a  "bore,"  or  rocker  (hence  "Pororocca")  at 
Para,  just  before  high  tide.  At  ebb  the  moon  is  culminating 
there — fide  Whewell.  As  the  roll  of  the  tide,  cast  off  north- 
eastward, returns  south«westward,  and  while  the  moon  is  al- 
ready deeply  simk  behind  the  Pacific  Ocean,  both  the  local  tide 
and  the  slow  AfHcan  roll  coming  in  by  this  time  across  the 
narrow  Atlantic,  this  "bore"  is  produced.  Again,  the  highest 
tide  at  the  coast  of  Lima,  etc.,  is  when  the  action  of  the  moon 
reverberates  from  the  deep,  cold,  jutting  bottom  of  the  Pacific 
against  the  hot  and  thin  coast,  backed  in  the  rear  by  the 
"  heart  of  the  Andes,"  so  that  the  regurgitation  swells  the  ebb 
to  its  highest.  So  is  the  high  tide  of  all  the  Pacific  shores  due 
to  the  translatory  under-rush  recoiling  from  the  Pacific  bed  as 
high  ebb,  and  the  tide  afterwards  rolling  in  broadside  from  the 
Pacific.  The  "bore"  of  the  Hoogly  or  Ganges  is  evidently 
produced  by  the  recoiling  wave  from  the  equatorial  parts  being 
narrowed  in  within  the  triangular  Gulf  of  Bengal;  and  the 
Himalaya  Mountains  (close  in  the  rear  of  the  Ganges  Deltas), 
strongly  opposing  the  upheaval,  the  resultant  relative  depres- 
sion in  the  rear  actually  diminishes  the  head  or  fall  of  the 
entire  river-length  sloping  along  the  mountain-chain ;  and  so 
the  constricted  northward  roll  finds  a  diminished  head  and  not 
a  backing  up  of  rear  waters,  and  hence  the  bore  results. 

As  to  the  Maelstrom,  it  receives  the  gulf-current's  Arctic 
outrunner,  through  the  only  channel  half  a  mile  deep,  left  be- 
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tween  the  Shetland  and  the  Faroe  Islands,  in  that  grand  sub- 
marme  shoal  or  dyke  of  one-fourth  of  a  mile  in  depth  all  the  way 
from  Scotland  to  Iceland,  and  all  included  in  that  tract  which, 
according  to  Humboldt,  is  in  a  slowly  rising  condition.  Now, 
every  check  of  circulation  of  tropical  waters  towards  polar 
ones,  and  in  the  case  of  the  Arctic  Ocean,  every  interception 
of  the  Asiatic  or  Atlantic  gulf-currents  may  slowly  eventuate 
in  a  perfect  glaciation  of  the  Arctic  Sea  and  its  adjacent 
conntries ! 

Occasionally  the  diurnal  sublunar  coast-impact  from  beneath 
rapturing  the  coast  under  ground  may  thus  give  access  to 
either  marine  or  (heated)  artesian  waters,  often  of  more  than 
explosive  temperatures — as  manifest  in  the  Geyser-phenomena, 
and  sufficient  for  themselves  to  account  for  all  "metamorphic" 
changes,  by  the  incalculable  dissolving  (chemical)  power  of 
waters  overheated  (under  pressure  of  their  own  column,  or 
either,  of  confining  rocky  strata) — and  cause  them  to  force 
apart  the  fissured  heated  rock,  down  to  the  very  lava  not  itself 
necessarily  acting  under  any  explosive  stress ;  by  which  con- 
tact— as  by  a  fused  metallic  mass  exploding  water-pipes — the 
explosive  shock,  mainly  propagated  by  the  artesian  sheets,  as 
an  earthquake,  it  is  already  presumed  by  some  former  authors, 
can  arise  under  the  agitating  influence  of  the  spontaneous 
impact  of  Plutonic  masses,  gravitant  towards  the  moon. 

It  is  by  the  evident  oscillatory  and  reverberative  bis-diurnal 
rising  and  falling  of  coasts  and  continents — vide  South  Amer- 
ica— that,  by  clashing  and  recoiling,  not  only  progressive  wave- 
shocks  are  retarded,  as  per  map ;  but  that  by  their  meeting 
and  redoubled  roll :  back  upon  an  already  sinking  border,  those 
heavy  tides  eventuate  both  on  the  eastern  borders  of  the  At- 
lantic, from  the  Maelstrom  clear  down — outside  of  the  European 
inland-seas  and  ensconcements — to  the  Cape  of  Good  Hope ; 
and  on  the  eastern  border  of  the  Pacific,  from  Alaska  to 
Patagonia :  and  the  littoral  shock  that  raised  the  coast  so  as  to 
ascend,  as  an  ''  ebb,"  causes  the  same  wave  which  returns  from 
the  high-seas  to  recoil  upon  a  border  already  dragged  down- 
ward by  the  heavy  plunging  (cold)  eastern  submarine  ''  plateau 
renverse"  of  searbottom. 

The  very  shock  experienced  at  the  coast  is  a  proof  of  the 
A.  A.  A.  8.  VOL.  xvn.  83 
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practical,  partial  nnpliancy  of  the  submarine  crust,  by  showing 
a  deflection  of  ascending  thrust  towards  the  sides !  It  hence 
follows  that  the  "planetary  elongation"  (with  its  utmost  claims 
to  about  six  feet  of  difference)  has  been  somewhat  checked, 
having  resulted  in  a  local  derangement  or  divergence  between 
land  and  sea,  as  ebb  and  tide,  and  that  is  a  never-to-be-for- 
gotten source  of  unequal  horizon  and  unequal  "transits"  or 
"star-times"  thence  infallibly  resulting ! 

Now  as  to  the  sea-water,  with  an  impact  at  six  feet  differen- 
tial velocity  perpendicularly  towards  the  moon,  etc.,  in  advance 
of  centre:  it  cannot  rise  much  in  any  place  directly  under 
the  luminary ;  it  simply  diminishes  its  weight,  it  is  true,  and 
only  by  collateral  influx  of  masses  at  an  octant  (where  the 
impact  favors  a  tangential  rush,  and  that  need  not  leave  the 
crust,  underneath,  in  following  their  impulse)  it  is  somewhat 
raised,  though  little;  whereas  the  actual,  although  reduced, 
circulatory  gyration,  required,  of  at  best  six  feet  diameter, 
cannot  be  executed  by  an  entire  sea  underlaid  by  a  rigid  crust ; 
and  therefore  the  motion  that,  in  the  Plutonic  mass,  pivots — 
and  is  mutually  poised — on  the  centre,  in  the  case  of  surface 
sheets  above  a  crust,  is  sidewise  deflected  towards  the  poles 
as  the  elongation  of  that  centre ;  and  it  is  probably  an  entire 
sea-depth  of  several  miles,  progressively  impinging  at  a  circu- 
latory motion  on  an  almost  unyielding  platform,  that  the 
equatorial  east-west  current,  and  actual  surface-rush,  results  as 
an  excuse  and  partial  attempt  at  an  uninterrupted  circular  cur- 
rent sweeping  the  equator  (such  as  it  no  doubt  has  once 
existed),  and  which,  collecting  all  (hot)  surface  waters,  now 
sends  them  flirting  sidewise,  towards  the  pole  as  an  excuse  for 
a  centre,  thus  producing  that  returning  west-east  sense  of  drift 
that  carries  the  cold  polar  undercurrents'  exchange-waters 
&outhr€(i8t  from  the  Arctic  region — instead  of  south-west,  as 
tend  the  trade  winds ! — and  north-east  from  the  South  Pole  to 
Peru! 

Another  consequence  of  the  inequality  of  sea-grounds  is 
manifest  in  the  evident  relation  of  the  Asiatic  pelagic  chain  of 
volcanic  action  parallel  to  its  warm  gulf-current.  It  is  there 
that  the  crust,  by  its  high  temperature  and  consequent  tenuity, 
is  most  liable  to  "breaks"  or  volcanic  explosions  under  the 
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contracting  power  of  snbmarine  cold  in  the  ancient  Pacific, 
aided  by  the  attractive  agency  of  the  moon,  most  powerful  in 
its  perigees  and  conjunctions  with  the  sun,  as  argued  by 
Profeasor  Perrey,  and  so  disastrously  confirmed  by  the  late 
convulsions  at  Hawaii,  occurring  mainly  the  day  preceding 
the  perigee  April  8,  1868,  and  in  South  America  during  the 
weeks  of  the  perigee  Aug.  17,  1868,  commencing  after  the  date 
of  onr  adjoomment  from  Chicago  (August  12),  where  the  pre- 
saging assertion  was  uttered,  before  the  section,  that  ^Hhe 
coast  of  South  America,  the  hottest  and  narrowest  strip  be- 
tween the  most  stupendous  mountain-elevation  «kyward,  and 
the  most  precipitous  profundal  trough-lines  or  cold-water  crests 
abysmaUy  reflected,  has  never  been  inhabitable  (witness  the 
unobserved  entrance  of  the  conquistadores  under  Pizarro  into 
Peru),  and  will  never  come  to  rest,  being  riven  and  convulsed 
under  the  moon,  as  long  as  its  Andes  lie  athward  the  equator ; " 
unless  all  the  most  important  geographical  features  of  the 
Globe  be  changed,  and  whereof  I  will  here  offer  a  short 
synopsis. 

In  the  first  place,  aside  of  the  ancient  Altai  or  Gobi  plateau 
in  Asia,  we  find  a  north-east  range  of  uninterrupted  main-line  of 
mountain-elevation,  commencing  at  the  terminus  of  the  Hima- 
layas, at  the  Brahmapootra  river:  the  continuous  rear-range 
of  Assam,  China,  Mantchooria  and  Siberia,  up  to  Behring 
Strait. 

This  range  then  is  parallel  and  "twin"  (so  to  say)  with  the 
corresponding  east  Asiatic  "volcanic  fissure"  off-shore,  cleav- 
ing the  main  from  the  explosive  Sunda  Archipelago  up  to 
near  Behring  Strait,  as  above  detailed. 

The  Japanese  gulf-current  is  parallel  to  it,  parallel  to  the 
whole  explosive  libration  of  that  coast  itself  engendered  by 
warm  cnrre'hts  near  the  old  Asiatic  restricted  plateau  of  the 
Gobi,  once  the  fabulous  "Paradise  Lost"  of  the  Chinese  I 

Is  it  not  probable  that  the  advent  of  imcommonly  cold 
waters  or  an  uncommon  perigee  of  the  moon  caused  such  dis- 
ruptions along  the  lines  of  least  resistance?  The  same  applies 
to  the  Alleghany  and  Scandinavian  mountains.  Opposite  Asia, 
along  the  same  ocean  on  its  eastern  borders,  in  America  we 
find  a  direct,  uninterrupted!  chain  of  stupendous  mountains 
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and  volcanoes  directly  along  the  "cold,  deep  water"  edge,  and 
from  Alaska  to  Patagonia.  Alongside  of  its  Andes,  the 
ground  of  all  South  America  is  so  much  depressed,  so  little 
elevated  above  the  sea,  that  in  the  wet  season  an  inland  con- 
tinuity of  water  is  established  between  the  low  river-beds  of 
the  Orinoco,  Amazon  and  La  Plata,  draining  an  extent  as 
vast  as  that  from  our  northern  Arctic  border  to  the  Gulf  of 
Mexico. 

A  very  slight  "dip"  would  cause  all  South  America  to  dis- 
appear irom  the  face  of  the  Globe,  leaving  the  chain  of  the 
Andes  to  play  a  part  like  that  of  the  submarine  Asiatic  vol- 
canic (N.  E.)  crest. 

It  is  from  Behring  Sea  and  the  Aleutian  Archipelago  that 
the  North  furnishes  the  submarine  exchange  waters  which  are 
deepening  the  Pacific  by  a  cold  undercurrent  all  along  the 
shores  of  North  America  from  Alaska  to  Quito. 

This  abrupt  deep  channel  is  overrun  with  the  circulatory 
Japanese  gulf-current,. deflected  eastward  by  the  interposition 
of  the  submarine  volcanic  Aleutian  chain  and  the  cold  north- 
erly return-waters  drifting  in  between  it  and  the  shores. 

THE   DEEPENINQ   OF   OCEANS 

withdraws  the  waters  from  the  surface,  sinking  their  coral- 
reefs  so  often  quoted  in  proof  of  the  ancient  shallowness  of 
the  open  oceans.  The  same  sinking  of  sea-bottoms  also  buoys 
up  or  denudes,  relatively  and  positively,  all  continents,  and 
inland  seas  such  as  the  Caspian,  Baltic,  Mediterranean,  and 
Lakes  ;  the  coast  of  Norway  and  Sahara  deserts,  no  less  than 
the  saline  pampas  of  La  Plata ;  and  in  all  continents  we  find 
huge  areas  rather  suddenly  uplifted  towards  the  snow-line; 
phenomena  gradually  arriving  together  with  the  submergence 
of  the  ocean's  archipelagoes,  and  demonstrative  of  polar 
undercurrents  having  been  formed  probably  by  the  deflection 
of  the  original  equatorial  ring-current. 

If  the  Aleutian  chain  did  not  oppose  the  Japanese  gulf-cur- 
rent, then  as  it  might  be,  the  Arctic  Sea  would  fully  receive, 
two  rapid,  heated  currents,  conjointly  to  be  drained  by  Baflln 
Strait,  their  only  vent  left. 

The  Arctic  Sea  would  then  become  a  warm  or  temperate 
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one,  and  by  the  ensuing  dissolution  of  heavy  bottoms,  the 
open  oceans  would  become  warmer,  and  hence  shallower. 

The  islands  would  become  higher,  larger,  and  rather  uni- 
formly^ temperate,  and  the  continents  would  relatively  sink 
down  towards  the  Plutonic  mass,  become  smaller,  lower,  and 
from  underneath  be  on  an  average  more  uniformly  heated. 
Also  the  seas  would  be  less  heated  above,  less  frigid  below, 
than  at  present ! 

If  once  the  Aleutian  Archipelago  did  arise  and  thus  first  de- 
flect the  Japanese  Gulf,  as  an  ancient  hot-water  current  partly 
tributary  to  our  Arctic  Basin,  then  perennial  frosts  must  have 
ensued  at  the  North  Pole,  and  the  whole  Arctic  Sea  been 
snnk,  together  with  all  open  oceans,  by  acquiring  a  denser, 
colder,  heavier  under-crust,  denuding  northerly  all  the  coasts 
of  Siberia  and  Hudsonia,  as  it  is  now  revealing  that  frozen, 
once  submarine  "drift  of  pachydermal  carrion,"  then  by  a 
rapidly  coursing  gulf-circulation  conveyed  intact  to  northern 
coasts,  where  at  Kotzebue  Sound,  above  Behring  Strait,  the 
"Herald  Expedition"  (in  search  of  Sir  John  Franklin)  discov- 
ered a  denuded,  once  submarine,  ice-plateau  of  from  thirty  to 
six  hondred  feet  height  above  the  modem  sea,  and  several  feet 
in  thickness,  overlaid  by  a  drift  of  pachydermal  bones  and 
mould  of  animal  origin  not  yet  fully  decomposed,  as  it  were ; 
the  perpendicular  cliffs  still  jutting  down  under  water  to  the 
bottom  of  a  sea  on  account  of  its  saline  ingredients  remaining 
liquid,  while  too  cold  to  dissolve  ice  once  through  freezing 
8q)arated  firom  the  brine. 

A  slight  depression  of  oceans — as  by  the  lowering  of  the 
general  sea-bottoms  often  referred  to — would  cut  off  all  other 
shallower  gulf-currents,  such  as  the  probable  ancient  Baltic 
and  Mississipean  ones,  and  by  also  laying  dry  an  Arctic  exit 
(now  Mackenzie  river  and  Undine  Region)  first  grate  down  the 
aide  with  drift-ice,  and  by  a  final  preclusion  add  to  the  Arctic 
rigor  thus  suddenly  supervening. 

If  at  one  period  the  Aleutian  chain  or  the  narrows  of 
Behring  Strait  so  far  projected  over  the  sea  as  to  preclude 
the  entrance  of  Pacific  waters  at  that  point,  it  would  not  only 
have  left  the  Pacific  to  circulate  and  recoil  back  upon  itself — 
a  shallow  heated  sea  deprived  of  an  Arctic  undercurrent — but 
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then  the  excessive  cold,  produced  by  a  sluggish  Arctic  circula- 
tion only  under  stress  of  the  Atlantic  gulf-current,  and  then 
alone  issuing  back  through  Baffin  Bay  with  small  force  ;  would 
not  only  have  stemmed  and  deflected  that  current  at  its  very 
entrance,  so  as  to  make  it  recoil  upon  its  own  bosom,  thus 
causing  a  profound,  but  heated  ocean,  violently  circulating,  in 
its  temperate  latitudes,  with  but  a  scanty  undercurrent,  in  the 
Atlantic  likewise  ;  but  it  might  finally  freeze  vp  Baffin  Strait^ 
and  cause  the  northern  basin  to  stand  as  an  immovaMe  pack 
of  ice  overrunning  all  northern  border  lands  with  an  accumu- 
tation  of  glacial  masses,  enough  to  cause,  on  a  smaller  scale, 
that  eminently  historical  refrigeration  of  all  northern  borders, 
which  avowedly  caused  the  post-christian  migration  of  nations 
both  in  the  old  (Mongols  and  Swedes)  and  in  the  new  (Caribs 
and  North  Mexicans)  world ;  but  the  rising  of  the  Icelandr^hxxd 
would  also  fully  account  for  all  the  features  of  a  "glacial 
epoch"  which,  as  Professor  Tyndall  so  aptly  suggests,  requires 
as  much  a  hot  climate  on  the  one,  as  a  congelative,  immovable, 
cold  one  on  the  other  side ! 

And  it  is  this  explanation  I  here  offfer,  of  a  temperate  uni- 
versal middle  zone  of  our  Globe,  adjacent  to  a  pitiless  cold 
north  pole,  and  productive  of  the  incredible  extension  of  gla- 
cial formation  in  the  first  place,  by  a  rum-deflected  circular 
eqtiatorial  current  (somewhat  like  the  ring  of  Saturn)  ;  sec- 
ondly, on  a  smaller  scale,  by  a  partial  preclusion  of  Pacific 
and  Atlantic  influx — through  the  Aleutian  Islands  and  the 
Iceland-shoal — on  the  one  hand. 

And  as  to  the  disappearance  of  that  period,  and  wasting  of 
its  glaciers,  I  oflfer  this  explanation,  that  the  breaJcing-up  of  the 
equatorial  current^  and  the  opening  of  Behring  Strait^  or  the 
submersion  of  a  more  projecting  Aleutian  barrier,  caused  the 
seas  to  sink  by  a  cold  exchange  undercurrent,  and  the  glacial 
accumulations  to  melt  away  by  the  advent  of  warm  currents ; 
and  if  that  barrier  continues  to  sink,  the  Asiatic  current  might 
yet  more  fully  enter  by  Behring  Strait,  and  leaving  by  Baffin 
Strait,  in  quick  exchange  still  cause  all  the  seas  to  rechafe 
at  bottom  and  rise,  and  our  continental  expanses  to  once 
more  sink  toward  the  Plutonic  fires;  their  Neptunic  strata, 
their  swamps  and  peat-bogs  once  more  to  transmit  to  following 
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generations  the  phenomena  of  '^  metamorphic"  rock,  of  '^  stone- 
coal"  for  peat,  a|;id  the  petrified  impressions  of  the  world  we 
live  in  at  this  present  period  I 

In  oonclasion  let  me  remark,  that  what  on  broad  evidence  we 
can  at  large  constrae,  on  granted  principles  and  given  causes, 
is  far  more  reliable  than  what  we  have  to  explain  by  hypothesis 
alone,  and  on  often  quite  irrelevant  ^^ exact  measurements" 
where  the  very  minuteness  or  sensuous  ^'exactitude"  required, 
is  often  the  root  of  latent  error;  whereas,  when  by  logical 
exactitude  in  our  synthetic  applications  of  the  known ;  by  a 
liberal  ex^etic 

GENETIC   UNDEBSTANDING  : 

of  causes  and  effects ;  of  logical  premises  and  inferences ;  and 
(in  the  organic  world)  by  the  study  of  developments  in  their 
commencement  and  end :  when  by  an  intelligent  appreciation 
of  the  normal  we  can  substantiate  the  distinctive  or  "  abnor- 
mal," and  science  on  its  evidence  instead  of  on  credence :  then, 
by  understanding  the  motor  agencies  of  the  present,  we  may 
explain  the  past  and  control  the  Aiture ;  above  all,  it  will  point 
the  way  whither  to  direct  our  suggestively  intuitive  energies, 
our  labors  and  observations,  both  plausibly  and  profitably. 


EQUILIBRIUM  AS  EQUAL  VELOCITIES. 

All  the  foregoing  phenomena,  as  well  as  all  barometric  ones, 
and  both  the  atmospheric  and  hydrothermic  exchanges  from 
the  Pole  to  the  Equator,  and  vice  versa^  all  being  based  on  the 
condition  of  a  horizon  of  equilibrium  I  would  here  briefly  sub- 
mit a  few  considerations, 

K  a  solid  globe  of  homogeneous  attractive  power  is  set  to 
rotate,  then  the  resultant  of  forces  will  cause  the  pendulum  as 
well  as  any  other  mass  to  "vary,"  both  as  to  velocity  and  the 
direction  of  each  resultant :  which  resultant  effect  withal  con- 
stitutes "weight"  proper ;  namely,  the  compound  effect  of  the 
theoretic  attraction  of  masses  and  of  the  sublevatory  effect 
("flirt")  of  tangential  inertia,  which  sublevatory,  antagonistic 
resistance  to  the  "attractive"  factor,  I  would  here  beg  leave  to 
plainly  designate  as  "  rotatorial  dip." 
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If  under  such  assumption  of  "true  sphericity"  the  pendu- 
lum must  vary  (for  a  planet,  of  the  bulk  and,  rotation  as  those 
of  ours,  computed  at  the  proportion  of  about  ^i^),  if  not 
aplanated :  how  then  should  it  be  consistent  to  state,  that 
(the  observed)  "variation"  (of  pendulum)  should  argue  ap- 
lanation?  If  really  so  observed,  would  it  not  argue  spheri- 
city ?    This  is  the  question. 

If,  however,  we  consider  a  planet  adaptable  according  to 
hydrostatic  necessities,  not  only  as  by  an  external  liquidity  (as 
of  oceans)  but  also  by  a  probable  proftmdal  liquidity  of  Plu- 
tonic, fused  or  pliant,  hydrostatically  "terrigneous"  masses; 
if,  as  we  actually  find  it,  the  presence  of  the  ocean  level  both 
at  the  poles  and  the  equator,  and  also  the  uniform  barometric 
height  at  all  sea-borders  argue  a  true  horizon  of  equilibrium, 
how  is  it  that  the  pendulum  should  be  said  to  vary,  and  that 
"variation"  to  be  corroborative  of  aplanation;  whereas,  ap- 
lanation,  such  as  geodesically  measured,  argues  a  form  of 
equal  hydrostatic  surface  velocities  at  right  angles  to  tangents, 
— or,  in  the  sense  of  the  "normals" — thereby  producing  a 
imiform,  connected,  hydrostatic  surface,  and  which  otherwise 
could  not  obtain !  Why  or  how  is  it,  that  the  argued  compen- 
satory elongation  of  the  Globe  should  not  work  as  a  "compensa- 
tion on  surface  particles  ?  " 

If  the  variation  ought  to  obtain  in  case  of  sphericity,  then  it 
ought  not  to  obtain  in  cases  of  equilibristic  aplanation.  If 
such  variation  proves  sphericity,  the  same  one  (approximately 
so)  cannot  prove  aplanation. 

In  all  popular  and  established  school-books,  and  Astrono- 
mies, I  find  at  certain  junctures  the  factor  of  "  attraction " 
substituted  by  "  gravity,"  which  grammatically  means  and  is 
weight;  technically,  however,  is  meant  for  only  one  of  the 
distinctive  factors  of  weights  whatever;  namely,  Newtonian 
mass-"  attraction."  This  is  a  dangerous  usage  of  an  ambiguous 
expression,  for  immediately  follows,  e.g..,  in  Herschel's  "Out- 
lines of  Astronomy"  (f  231)  a  commutation  or  substitution 
like  this,  "  there  is  actually  observed  to  exist  a  difierence  in 
the  gravity  or  downward  tendency  of  one  and  the  same  body," 
etc.  Here  "gravity"  is  urged  in  its  grammatical  sense,  in- 
stead of  the   technical  distinction,  and  at  that  in  order  to 


\ 


▲.   MATHEMATICS,  PHTSICS,   AKD   CHEMISTRY.  265 

initiate  the  (true  or  apparent?)  contradiction  of  a  compen- 
satory or  "equilibristic"  form  not  producing  compensation  or 
"  equilibrium ! "  This  seems  not  to  be  consistent.  Or,  can  it 
be  said  to  be  consistent? 

It  ought  to  be  recollected,  thiat  when  the  question  is  of 
hydrostatic  pressure,  the  weight  cannot  come  into  consideration 
neither  as  "specific"  weight,  nor  as  "absolute"  weight,  for 
neither  are  solid  weights  meant  nor  are  hydrostatic  weights 
absolute,  but  (like  any  other  weight  whatever)  entirely  depend- 
ent on  the  extraneous  masses !  Nor  are  these  weights  detached 
masses  1  We  speak  of  a  "  weight "  of  one  ton  or  two  tons  — 
this  comes  not  into  consideration;  nor  either  "specific" 
weight.  All  that  can  come  into  consideration  in  hydrostatic 
phenomena,  is  the  resultant  velocity  and  that  in  a  compound 
sense  of  direction  resulting  from  two  distinct  factors,  and 
which  resultant  or  perpendicular  surface  velocity  in  a  case  of 
elliptic  aplanation  is  not  mutually  reflected  only  by  the  abso- 
lute height  of  the  column  (as,  e.  ^.,  in  the  case  of  close  prox- 
imity to  a  uniform  level  or  horizon)  ;  but  each  column  has  its 
own  index  of  velocity;  namely,  in  the  short  or  polar  axis 
pure  attractive  velocity,  and  in  the  sub-equatorial  dimensions 
both  the  "  attractive  "  velocity  and  its  sense  of  direction  modi- 
fied and  diminished  by  the  rotatorial  dip  velocity ;  and  if,  as 
it  is  agreed,  and  must  be,  the  "  force  "  of  each  channel  is  equal 
— ^as  required  for  equilibrium  or  "  equal  impinging  velocities" — 
it  follows  that  as  a  higher  equatorial  column,  when  dimin- 
ished by  flirt  still  exercises  equal  power  with  the  (inscribed) 
polar  radius ;  it  must  be  that  each  measure  of  the  longer  col- 
umn is  operated  upon  by  a  lesser  compound  power  than  the 
same  geocentric  measure  of  the  polar  column  is  operated  upon ; 
but  that  by  the  urging  of  the  polar  column  down  to  the  centre, 
so  much  "head"  has  been  bulged  up  into  the  equatorial  col- 
nmn  as  to  produce  an  increased  amount  of  attraction  in  that 
sense ;  that,  short  of  ^^  relates  conversely  to  radii,  and  that, 
although  diminished  by  the  incident  tangential  loss  by  the  dip 
or  flirt,  yet  leaves  a  resultant  velocity  toward  the  surface  (not 
one  of  masses  but  of  a  hydrostatic  thread),  equal  to  the  veloc- 
itarian  impact  at  the  apex  of  polar  column.  From  a  mere 
arithmetical  point  of  view,  is  it  not  plain  that  although  each 
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particle  or  measure  has  been  rendered  lighter  in  the  equatorial 
sense,  still  the  height  of  that  column  or  its  ''corresponding 
points"  (fractions)  are  raised  to  such  an  extent  as  to  attract 
more  powerfully  as  a  whole?  for  being  able  to  just  balance  the 
loss  arriving  through  flirt?  «o  that,  e.^.,  supposing  the  liquid 
equatorial  colunm  to  be  thus  far  heightened  as  to  draw,  by 
mere  attraction,  any  falling  body  seventeen  feet  per  second, 
and  that  second's  dip  amounting  to  one  foot,  this  would  still 
leave  the  compound  resultant  velocity  sixteen  feet  per  second 
towards  the  surface ! 

Nor  can  a  surface  be  maintained  except  under  the  identical 
impact  at  velocities  collaterally  exercised  each  in  its  own 
resultant,  and  producing  rectangularly  a  complete  "surface" 
of  virtually  "  equal  stress,"  but  of*  different  distances  from  the 
centre. 

Therefore,  in  a  "figure  of  equilibrium,"  the  rectangularly 
impinging  surface-velocities  in  order  to  agree  with  equilibrium 
must  be  equal;  and  hence,  in  a  true  figure  of  equilibrium,  the 
pendulum,  the  lead,  a  stone  flung,  ought  to  "bear"  equally  all 
over  the  surface ! 

Still,  after  having  once  frilly  "compensated"  between  the 
factors  of  piu*e  attraction  and  that  of  rotatorial  fling.  La  Place, 
Herschel,  and  others,  directly  proceed  to  deduct  the  flirt  once 
more  from  the  uniform  compound  result  (namely,  equal  stress 
or  "weight)  :  and  this  only  in  order  to  usher  in  the  received 
"pendular  variation." 

How  is  it  then  that  in  a  form  of  compensatory  velocities, 
where  the  spherical  form  is  denied,  the  compensation  should 
not  appear  achieved  in  the  pendulum,  likewise  ? 

I  think  the  question  opens.  What  the  pendular  data,  by  ex- 
periment, actually  were  ?  I  have  no  records  to  find  out.  All  I 
can  find  are  tables  of  "reduced"  pendular  results,  by  which,  if 
conducted  after  the  form  which  Arago  in  his  Popular  Astron- 
omy, book  23,  chapter  12  (but  perhaps  too  loosely  only) 
gives:  by  referring  positive  results,  originally  equal  enough, 
instead  of  "to  the  sea-level"  (as  required  and  also  averred) 
actually  to  an  absolute  distance  from  centre  the  actual  collateral 
equality  would  have  been  forcibly  retranslated  into  the  diver- 
sified rates  of  radial  planetary  compensation,  and  a  true  com- 
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pound  eqnal  result  been  made  to  show  only  differences  of  radii 
supplied,  but  not  of  strokes,  and  but  just  themselves  required 
^  produce  that  actual  "equality"  of  pendular  velocity  I 

I  here  recommend  the  whole  idea,  as  popularly  received, 
^ether  with  the  (true  or  apparent)  incongruities  involved, 
to  the  renewed  attention  of  philosophers,  in  order  at  least  to 
^d  a  form  of  linguistic  communication  to  us  "  outsiders  "  to 
J^move  such  (true  or  apparent)  inconsistencies,  which,  neces- 
sarily, only  contribute  to  confuse  and  deter  the  student  of 
g^physical  phenomena. 
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1.  On  the  Evidences  of  the  Antiquity  of  Man  in  the 
United  States.  By  Colonel  Charles  Whittlesey,  of  Cleve- 
land, Ohio. 

Within  the  past  five  years  remarkable  developments  have 
taken  place  in  Europe  connected  with  the  antiquity  of  man ; 
not  less  then  a  dozen  books  have  been  published  upon  the  re- 
cent discoveries,  most  of  which  are  written  by  men  of  learning, 
and  show  the  results  of  their  personal  observations.  The 
number  of  the  relics  of  man  thus  brought  to  our  notice  is  sur- 
prising. In  the  delta  where  the  impetuous  Tiniere  discharges 
into  the  Lake  of  Geneva  at  Villeneuve,  in  Switzerland,  Mr. 
Morlot  has  traced  the  successive  occupants  of  that  country 
from  the  Christian  era  back  to  the  age  of  Stone. 

The  savans  of  Switzerland  have  discovered  and  explored 
large  numbers  of  the  habitations  of  a  departed  race,  who  built 
their  domicils  upon  piles,  in  the  shallow  water  of  the  lake  near 
the  shore,  and  who  were  also  of  the  era  of  bronze,  and  stone 
implements.  Retiring  still  farther  from  the  historical  epoch, 
the  French  and  Belgian  geologists  and  ethnologists  have  found, 
in  the  numerous  bone  caverns  of  those  countries,  utensils  fabri- 
cated by  men,  and  bones  of  the  human  race,  under  circumstances 
which  have  led  these  investigators  to  date  their  existence  nearly 
or  quite  to  the  glacial  period.  These  announcements  by  the 
continental  explorers  were  received  by  the  English  geologists 
with  astonishment,  and  in  most  cases  with  incredulity. 

In  1863  the  patience  of  the  English  investigators  was  nearly 
exhausted,  by  reports  made  by  M.  Boucher  de  Perthes,  at 
Abbeville,  on  the  banks  of  the  Somme,  that  he  had  exhumed  a 
human  jaw  from  the  superficial  materials  of  that  region.  He 
had  in  1837  and  1844  announced  the  discovery  in  the  same 
beds  at  a  depth  of  ten  to  twelve  feet,  of  numerous  wrought 
(268) 


B.   NATURAL   HISTORY.  269 

implements  in  flint,  made  from  the  silicious  nodules  of  the  chalk 
fonnation  on  which  the  Abbeville  drift  materials  rest.  During 
a  quarter  of  a  century  these  reports  were  generally  discredited. 
M.  Boucher  de  Perthes  was  not  a  man  of  science,  but  a  gen- 
tleman of  -wealth  and  leisure,  of  high  literary  acquirements, 
with  much  French  enthusiasm,  and  he  had  a  theory  to  support. 
His  brilliant  general  learning  rather  injured  than  improved  his 
authority  among  those  who  pursue  the  exact  sciences.  He 
adhered  to  the  doctrine  that  the  flood  of  Noah  extended  over 
the  earth,  and  that  the  knives  and  arrowheads  in  the  drift  of 
the  Somme  were  the  remains  of  generations  which  were  de- 
Btroyed  by  it.  To  find  evidence  in  support  of  this  belief,  he 
pursued  bis  investigations  of  the  gravel  beds  around  Abbeville, 
until  one  generation  has  passed  away.  His  proofs  were  thus 
far  only  sufficient  to  convince  a  few  personal  friends  of  his  own 
nation.  His  own  life  had  passed  the  usual  limit  of  human 
existence,  yet  the  ardor  of  youth  was  in  his  case  coupled  with 
the  perseverance  of  age. 

A  number  of  other  fortunate  circumstances  combined  to 
render  his  researches  more  thorough  than  any  heretofore  carried 
on  in  th^  drift  materials.  There  is  a  canal  in  the  valley  of  the 
Somme,  which  in  one  place  gave  a  fresh  section  sixty  feet  in 
height.  The  railway  from  Bologna  to  Paris  passes  through 
Abbeville,  and  up  the  Somme. 

For  many  years  the  common  roads  of  Picardy  have  been 
made  and  repaired  with  the  flint  gravel  of  the  drift  beds,  which 
was  procured  from  numberless  pits  along  the  banks  of  the 
Somme. 

The  French  government  has  built  a  large  permanent  fort 
near  the  residence  of  M.  Boucher  de  Perthes,  at  Abbeville,  in 
the  ditches  of  which  the  same  beds  are  exposed.  M.  de  Perthes 
had  for  many  years  engaged  the  workmen  upon  all  these  im- 
provements to  search  in  the  gravel  for  flint  arrowheads, 
hatchets  and  splinters,  by  paying  them  a  small  sum  for  what 
they  should  find.  He  had  also  the  good  will  of  the  £mperor, 
and  consequently  of  the  superintendents  of  the  works.  He 
spent  much  of  his  own  time  with  the  laborers  in  the  pits,  and 
had  friends  who  did  the  same.  His  faith  in  the  existence  of 
human  bones  in  the  same  beds  where  the  flint  implements  were 
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found,  never  .Ragged,  because  he  considered  that  he  had  himself 
seen  decayed  fragments  of  them ;  not,  however,  perfect  enough 
to  announce  to  the  world. 

On  the  28th  of  March,  1863,  the  great  object  of  a  long  life 
was  accomplished  by  the  discovery  in  a  pit  at  the  wind-mill 
of  Quignon,  about  seventy-five  feet  above  the  tidewater  at 
Abbeville,  of  one-half  of  the  lower  human  jaw,  near  which  were 
some  human  teeth.  During  the  year  which  followed,  several 
other  fragments  of  human  bones  were  found  in  a  similar  situa- 
tion, in  a  layer  of  gravel  near  the  overlying  chalk,  at  depths  of 
ten  to  twelve  feet.  These  were  in  close  connection  with  the 
flint  implements,  but  the  human  remains  were  so  small,  and 
with  the  exception  of  the  teeth  so  much  decayed,  that  the 
workmen  very  seldom  noticed  them.  They  had,  moreover,  a 
superstitious  dread  of  human  bones  found  in  a  position  so 
mysterious,  and  therefore  rather  avoided,  than  sought  them. 
Most  of  these  remains  were  discovered  by  scientific  collectors, 
who  broke  open  with  their  hands  the  lumps  of  clay  and  sand  of 
which  they  formed  the  nucleus,  which  the  workmen  had  thrown 
into  the  spoil  banks.  It  is  evident  that  nothing  short  of  the 
presentiment,  the  faith,  and  the  enthusiasm  of  M.  B.  de  Perthes, 
making  the  most  of  the  most  favorable  circumstances^  would 
have  brought  these  relics  to  light.  Without  all  these  happy 
coincidences  the  discovery  might  not  have  been  made  during 
another  century.  His  disclosures  led  to  close  investigations 
along  the  valley  of  the  Somme,  and  the  bluffs  which  border 
upon  it,  up  the  stream  to  and  beyond  Amiens,  a  distance  of 
about  thirty  miles,  the  formations  being  everywhere  the  same. 
Hundreds  of  flint  implements  have  been  exhumed  from  the 
same  gravel  beds,  on  the  French  side  of  the  channel,  and  on 
the  English  side,  in  formations  precisely  the  same ;  amounting 
in  all  to  about  (3  000)  three  thousand. 

As  to  the  denial  made  by  the  principal  English  archaeologists 
regarding  the  genuineness  of  the  jaw  described  by  M.  de  Perthes, 
I  refer  to  the  report  of  Milne-Edwards  and  others  in  the  "  Compte 
Rendus,"  from  May,  1863,  to  July,  1864. 

If  we  cannot  rely  upon  statements  supported  by  such  an 
accumulation  of  proof  as  is  there  produced,  we  must  reftise 
credence  to  most  of  the  reported  facts  in  relation  to  all  other* 
fossil  remains. 
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It  may  not  be  trae  that  the  superficial  materials  in  which 
these  remainB  are  found,  are  of  the  same  age  as  the  North 
American  drift.  They  are,  however,  the  only  stratified  beds 
between  the  soil  and  the  cretaceous  strata  in  that  region,  and 
they  occupy  a  veiy  extensive  region  in  France  and  England. 
These  beds  contain  the  fossil  horse,  ox,  Elephas  primigenius, 
and  rhinoceros,  and  constitute  what  is  known  in  Western 
Europe,  by  the  name  of  diluvium.  It  is  quite  probable  that 
those  wide  spread  diluvial  layers  belong  to  a  modified  condi- 
tion of  the  drift  materials,  corresponding  to  yhat  we  observe 
here  in  large  valleys  near  the  southerly  border  of  the  boulder 
drift.  As  the  glacial  period  drew  towards  a  close,  the  interven- 
tion of  ice  as  a  transporting  agent  became  less,  and  that  of 
water  greater.*  The  European  diluvium  probably  belongs  to 
the  later  phase  of  this  era. 

Some  explorers  detect  the  action  of  large  floes  of  ice,  in  the 
movement  of  blocks  belonging  to  strata  foreign  to  the  region ; 
bat  most  of  the  materials  are  of  local  origin,  belonging  to  the 
valleys  of  the  present  streams.  In  general,  the  mammalian 
remains  are  the  same  as  in  the  drift  of  the  United  States. 
Along  the  great  valleys  of  Western  Europe,  such  as  the  Seine, 
the  Bhone,  and  the  Bhine,  the  loess  is  a  conspicuous  member, 
generally  the  upper  one.  It  is  the  same  in  the  valley  of  the 
Missouri,  the  Mississippi  and  the  Ohio.  The  European  dilu- 
vium is  a  fresh-water  deposit,  like  that  of  the  western  and  north- 
western drift  deposits,  on  the  waters  of  the  lakes  and  the 
Mississippi.  It  embraces,  like  our  drift  beds,  many  varieties  of 
timber  and  v^etables  which  are  more  northern  than  the 
present  v^etation.  The  fresh-water  and  land  shells  which  are 
embraced  in  the  superficial  materials  here  and  in  Western 
Europe,  are  almost  identical.  So  many  resemblances  go  far 
to  establish  a  geological  parallelism. 

Mr.  Lyell  inclines  to  the  opinion  that  the  fiint  bearing  beds  of 
Amiens  and  Abbeville  are  more  ancient  than  the  bone  layers 
at  Natchez,  Mississippi,  which  are  at  the  bottom  of  the  loess. 

Whatever  may  be  the  exact  order  of  arrangement,  there  is  a 
general  synchronism  between  the  post-tertiary  or  quaternary 
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system  of  Europe  and  the  United  States,  and  since  human 
relics  have  certainly  been  found  in  this  formation  in  the  old 
world,  it  is  reasonable  to  expect  them  here.  If  human  bones 
exist  in  our  northern  drift  or  in  the  modified  river  valley  depos- 
its of  the  terrace  period,  generations  may  pass  before  they  are 
discovered.  Flint  and  stone  implements  are  imperishable,  but 
the  osseous  parts  of  animals  and  men  are  dissolved  by  chemical 
action.  In  beds  of  such  great  antiquitj^,  historically  considered, 
as  the  lower  quaternary,  very  little  is  preserved  except  the  teeth. 
Such  discoveries  must,  therefore,  be  due  in  this  country,  princi- 
pally to  accident,  and  not  to  research. 

We  cannot  expect  to  have  the  concurrent  aid  of  an  enthu- 
siast like  M.  Boucher  de  Perthes,  a  government  ready  to  assist, 
and  thousands  of  workmen  turning  over  the  earth,  in  which 
such  revelations  may  be  expected. 

ANTIQUrrT  OF  THE   NORTH   AMERICAN  RED   MAN. 

It  is  a  little  more  than  three  hundred  years  since  the  Span- 
iards landed  on  the  shores  of  the  Gulf  of  Mexico,  where  they 
found  the  red  man,  in  every  respect  the  same  as  he  is  now, 
among  the  southern  tribes  of  the  United  States.  K  we  can 
credit  the  historical  literature  of  Iceland,  the  Northmen  were 
on  the  coast  of  New  England  about  the  year  1000,  where  they 
met  a  savage  people,  apparently  the  same  as  our  forefathers 
encountered  there  six  hundred  years  later.  The  same  tribes  of 
Indians,  remnants  of  whom  have  survived  to  our  day,  were 
seen  diuring  the  previous  one  hundred  years  on  the  St.  Law- 
rence and  the  Atlantic  coasts,  by  Jacques  Cartier,  Americus 
Vespucius,  Verrezani  and  the  Cabots. 

By  historical  proofs  that  are  now  regarded  as  worthy  of 
credit,  we  can  thus  trace  the  North  American  Indian,  as  a 
resident  in  the  territory  of  the  United  States,  backward  more 
than  eight  centuries  and  a  half.  In  this  as  in  all  countries 
there  are  found  the  remains  of  a  people  more  ancient  than  any 
written  record. 

The  North  American  Indian  has  always  occupied  a  position 
so  low,  in  comparison  with  other  races,  that  permanent  monu- 
ments of  his  presence  are  very  rare.  If  he  had  disappeared 
before  the  advent  of  an  historical  race,  no  certain  traces  of  his 
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existence  would  have  been  fonnd.  His  tenements  were  tem- 
porary shelters,  which  he  carried  from  place  to  place.  The 
mounds  he  raised  over  the  dead  were  low,  and  contained  relics 
of  which  the  most  that  can  be  said  is  they  belonged  to  a  people 
in  the  rudest  state  of  barbarism.  Where  he  cultivated  the  soil, 
it  was  in  a  manner  so  slight  that  a  few  centuries  of  time 
obliterated  the  evidences  of  it.  The  scattered  inscriptions  and 
effigies  which  he  cut  upon  trees  and  stones  had  no  meaning  to 
any  one  but  himself.  His  tools  and  implements  had  no  special 
characteristics  to  distinguish  them  from  those  of  any  other 
savage  people  in  the  lowest  scale  of  development.  Since  the 
historical  period  in  North  America  he  has  remained  precisely 
the  same,  without  progress  towards  civilization,  and  therefore  it 
may  be  inferred  that  his  condition  in  previous  centuries  while 
an  inhabitant  of  this  country  was  a  fixed  one.  He  could  not 
have  descended  much  lower,  and  he  has  left  no  evidences  of  an 
advance.  The  effect  of  this  fixedness  of  condition  is  to  render 
the  deductions  of  craniologiBts  of  more  value  than  they  would 
be  in  the  case  of  a  people  whose  mode  of  living,  whose 
thoughts',  occupations,  dress,  religion,  intelligence,  food,  and 
general  surroundings  were  subject  to  change,  especially  in  the 
direction  of  progress. 

How  long  have  they  been  in  the  occupation  of  North  America, 
and  how  can  we  determine  the  period  ? 

The  antiquarians  of  Europe  regard  those  ancient  people  who 
used  JlirU  implements^  as  having  been  prior  to  those  who  had 
implements  of  stone^  and  the  latter  as  being  older  than  the 
races  who  had  the  use  of  bronze,  or  other  metals,  especially 
iron.  In  the  United  States  the  race  next  prior  to  the  white 
one,  had  very  few  implements  of  stone.  Their  knives  and 
arrowheads,  their  war  implements,  and  their  agricultural  tools, 
were  almost  entirely  of  fiint. 

They  had  a  very  few  and  very  rude  cutting  instruments  of 
native  copper ;  possessing  at  the  same  time  in  a  certain  degree, 
implements  of  the  flint,  the  stone  and  the  metal  era  of  Europe, 
the  flint  greatly  predominating.  The  mound  builders,  who  pre- 
ceded the  race  of  red  men,  produced  and  used  tools  in  the 
reverse  order.  Their  sUme  axes,  adzes  and  mauls,  were  very 
numerous,  copper  tools  plenty,  and  those  of  fiint  very  rare. 
A.  A.  A.  s.  VOL.  xvn.  85 
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In  their  case  the  most  ancient  people  were  the  most  industrious, 
and  cultivated  the  soil,  possessed  more  mechanical  ingenuity, 
and  left  more  prominent  monuments,  whidbi  in  the  course  of 
nature  will  never  perish. 

The  difference  between  the  relics  of  the  mound  builders  and 
the  Indians  is  so  great  that  there  is  litUe  difficulty  in  de- 
ciding between  them. 

On  the  Atlantic  coast,  from  Nova  Scotia  to  Florida,  there  are 
numerous  refuse  heaps  of  sea-shells,  which  are  almost  identical 
with  the  ancient  shellheaps  of  Sweden,  Norway  and  Denmark, 
known  in  those  countries  as  ''  EJodkkenmoeddings." 

Those  of  the  Eastern  and  Southern  States,  have  been  exam- 
ined by  Mr.  Jones,  of  Halifax,  Professor  Wyman  and  others, 
who  regard  them  as  the  work  of  the  North  American  Indians. 
On  one  of  the  shell  mounds  of  Florida,  situated  on  the  river 
St.  Johns,  there  grew  an  oak,  which  was  five  hundred  and 
fifty  years  old.  There  are  very  ancient  shell  mounds  on 
the  Tennessee  River,  between  Chattenooga  and  the  ^^  Muscle 
Shoals,"  but  they  have  not  been  thoroughly  explored.  I  have 
also  seen  them  on  the  Wabash  in  Indiana,  near  New  Har- 
mony. The  American  shellheaps,  like  those  of  Scandinavia, 
contain  stone  and  fiint  implements  mingled  with  charcoal, 
and  the  bones  of  animals,  fishes,  birds  and  reptiles,  now  or 
recently  living  in  the  vicinity.  Only  one  small  bone  of  man 
has  been  found  in  the  American  kitchen-muddins.*  They  have 
neither  the  size  or  the  marks  of  antiquity,  which  the  Danish 
shellheaps  exhibit  but  are  some  of  them  so  ancient  that 
changes  of  climate  and  of  vegetation  have  occurred  while  they 
were  being  formed.  The  shellheaps,  therefore,  as  at  present 
known,  give  us  very  little  information  in  regard  to  the  anr 
tiquity  of  the  red  man. 

But  there  are  remains  of  the  same  race  in  bone  caves,  and 
rock  shelters,  which  bear  directly  upon  this  question,  to  which 
I  will  call  your  attention. 

•  Since  this  paper  was  read,  a  human  tHMf^n^ow,  wltb  teeth,  has  been  foiud  by 
Prof.  S.  F.  Baird,  at  the  Shellheap  on  Eagle  Hill,  Ipswich,  Mass.  For  an  account  . 
of  this  and  other  Shellheaps  in  New  England,  see  Prof.  Wyman's  articles  in  the 
"  American  Naturalist,*  Vol.  I.  Later  investiffations  than  those  repoiied  hy  Prof. 
Wyman  have  shown  the  deposit  at  Eagle  Hill  to  be  mach  larger  and  deeper  than 
was  at  flrst  supposed.— Editob. 
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ELTBIA   SHELTER    CAVE. 

Examined  in  April,  1851,  hy  Dr.  E.  W.  Hubbard,  Professor  J.  Brainerd, 
and  Charles  WhiUlesey. 

This  ia  one.  of  nnmerous  instances  where  the  ^'grindstone 
grit"  of  northern  Ohio,  resting  npon  soft  shale,  presents  a  pro- 
jecting edge,  forming  a  grotto  capably  of  sheltering  a  large  num- 
ber of  persons,  being  about  fifty  feet  in  length,  by  fifteen  feet 
broad.  This  and  others  in  the  vicinity  which  have  not  been 
explored,  correspond  to  the  European  "shelter  cavern,"  where 
human  remains  are  always  found.  These  retreats  constituted 
the  domicils  of  our  race,  while  in  their  rudest  condition.  We 
do^  to  a  depth  of  four  feet  on  the  floor  of  this  cave,  composed 
of  charcoal,  ashes,  and  bones  of  the  wolf,  bear,  deer,  rabbit, 
squirrels,  fishes,  snakes  and  birds ;  all  of  which  existed  in  this 
region  when  it  became  known  to  the  whites.  The  place  was 
thoroo^y  protected  against  rains.  At  the  bottom,  lying  ex- 
tended.upon  clean  yellow  sand,  their  heads  to  the  rear  and  feet 
outwards,  were  parts  of  three  human  skeletons ;  two  of  them 
nearly  entire.  Two  of  the  skulls  were  preserved  by  Prof. 
Brainerd.  They  were  decided  to  belong  to  the  North  American 
race  of  red  men,  by  those  who  had  an  opportunity  to  examine 
them.  These  skulls  were  exhibited  at  the  Cincinnati  Meeting 
c^  the  American  Association  in  1851,  but  were  afterwards  de- 
stroyed by  a  mob,  tc^ether  with  the  entire  Museum  of  the  Ho- 
mcBopathic  College,  at  Cleveland.  The  position  of  the  skeletons 
indicated  that  they  were  crushed  by  a  large  slab  of  the  over- 
hanging sandstone  falling  upon  the  party,  while  they  were  asleep 
at  the  back  part  of  the  grotto.  One  of  the  skulls  was  that  of 
an  old  w<Hnan,  the  other  of  a  young  man.  Flint  arrowheads 
such  as  the  Indians  once  used,  were  scattered  throughout  this 
mass  of  j^TiitnAl  vemains. 

This  cave  may  be  found  on  the  west  bank  of  Black  River,  a 
short  distance  below  the  forks,  at  the  town  of  Elyria,  Ohio, 
in  a  romantic  gorge,  through  which  the  river  flows.  Judg- 
ing fix)m  the  appearance  of  the  bones,  and  the  depth  of  the 
accumulations  over  them,  two  thousand  years  may  have 
elapsed  since  the  human  skeletons  were  laid  on  the  floor  of  this 
cave. 
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HUHAN   REICAINS   IK   A  CAVE  NEAR  LOT7ISTILLE,  KENTUGKT. 

T.  R.  Scwoden^  C.  E.,  1858. 

In  constructing  the  reservoir  for  the  Louisville  water-works, 
on  the  bluffs  of  the  Ohio,  two  miles  above  the  city,  the  Engi- 
neer, T.  R.  Scowden,  Esq.,  discovered  a  cave  in  which  were  a 
large  number  of  human  bones.  It  is  forty  feet  from  a  mural 
face  of  lime-rock  of  the  Upper  Silurian  epoch,  which  is  known 
in  Kentucky  as  the  "  cavernous  limestone."  The  elevation  of 
the  bluff  is  about  one  hundred  and  twenty-six  feet  above  low 
water  in  the  river,  and  ninety  feet  above  the  bottom  lands, 
which  are  half  a  mile  wide  in  front  of  the  water-works.  It  is 
probable  the  cave  is  an  extensive  one.  No  outlet  is  known, 
and  when  water  was  directed  into  it,  no  place  of  discharge  was 
discovered.  As  far  as  it  was  explored  the  opening  was  not 
large.  It  had  a  direction  downward  and  to  the  rear,  but  was  so 
much  infested  with  rattlesnakes  that  no  one  could  be  induced  to 
examine  it.  On  the  rock  there  was  ten  feet  of  the  loess  like  loam 
of  the  country,  in  which  was  a  depression,  into  which  the  sur- 
face water  settled,  such  as  in  that  r^on  are  called  sinks.  Tlie 
bones,  a  box  of  which  were  pi'eserved  by  Mr.  Scowden,  were 
cemented  into  a  breccia,  by  calcareous  drippings  from  above. 
In  one  mass  there  are  portions  of  six  human  crania,  but  none 
of  them  large  enough  to  be  of  value  in  the  comparison  of  races. 
There  are  other  bones  and  teeth,  representing  more  than  that 
number  of  persons,  which  are  in  a  good  state  of  preservation. 
The  opening  in  the  rocks  at  the  top  of  the  cave,  which  was 
closed  by  a  loamy  clay,  was  not  as  large  as  the  cavern,  the  roof 
of  which  was  twelve  feet  below  the  surface  of  the  lime-rock. 
From  the  roof  there  were  the  usual  pendant  concretions,  kno¥m 
as  stalactites.  In  shape  this  part  of  the  cave  was  a  dome,  six 
feet  across  at  the  base,  and  about  five  feet  'high,  the  bones 
lying  in  a  confhsed  heap  on  the  floor.  The  downward  passage 
into  which  the  water  flowed  was  situated  at  the  rear,  and  its 
direction  was  away  from  the  bluff.  A  stone  axe  and  a  pestle 
were  found  with  the  bones ;  also  a  flint  arrowhead.  Below  the 
cliff  there  was  an  ancient  Indian  burying  ground,  in  which  many 
graves  and  human  bones  were  exposed  while  di^ng  the  trench 
for  the  main  inlet  pipe  of  the  water-works. 
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The  bodies  may  have  been  introduced  for  burial,  through  a 
distant  entrance  not  yet  discovered,  or  there  may  have  been 
a  time  when  the  cave  was  open  above.  They  were  evidently  of 
the  Indian  race,  and  the  place  was  a  sepulchre.  Among  the 
Hurons  who  lived  between  Lake  Ontario  and  Lake  Huron, 
when  the  French  missionaries  were  there,  two  centuries  since, 
there  was  a  practice  of  collecting,  from  time  to  time,  the  bones 
of  their  dead  from  all  the  graves  of  the  tribe.  They  were  then 
placed  in  a  pit,  without  order,  and  covered  in  the  presence  of 
all  the  people,  consecrated  with  funeral  ceremonies  and  lamenta- 
tions. The  cavity  or  sink  in  the  earth,  at  Louisville,  would 
constitute  a  burial  pit  already  made,  or  partially  made ;  and 
after  the  bones  were  deposited,  they  could  have  been  easily 
covered.  Prom  the  quantity  of  tufa  formed  on  the  roof  and 
over  the  bones  on  the  floor,  it  is  evident  that  a  long  period  has 
elapsed  since  they  were  deposited — full  as  long  as  in  the  case 
of  the  Elyria  grotto,  or  say  two  thousand  years. 


HIGH   BOCK  SPRING,   SARATOGA,   NEW  YORK. 
Profile  by  Dr.  Henry  McGuire,  1866. 

1.  Muck  and  tufa  on  which  the  cone  rested      .       .       7  feet. 

2.  Tufa 2  " 

3.  Vegetable  muck,  on  the  surface  of  which  lay  a  pine 

tree,  with  one  hundred  and  thirty  annual  layers 
of  growth,  worn  by  the  feet  of  persons,  probably 
Indians, not  given. 

4.  Calcareous  tufa,  same  as  No.  2  ....  8  feet. 

Chancellor  Walworth  states,  that  in  1825  he  saw  at  St.  Regis, 
New  York,  an  old  Mohawk,  by  the  name  of  Loren  Tarbel,  who 
said  the  water  did  not  flow  over  the  cone  when  he  was  a  boy. 

The  estimates  made  by  Dr.  McGuire,  of  the  time  occupied  in 
the  formation  of  the  tufa,  which  showed  twenty-five  layers  to 
the  inch,  is,  for  five  feet,  fifteen  hundred  years. 

Rate  of  formation  of  the  rock  cone,  eighty  years  to  the  inch, 
is,  for  four  feet,  equal  three  thousand  eight  hundred  and  forty 
years  (probably  too  large).  For  the  accumulation  of  muck, 
five  hundred  and  ten  years  (which  is  probably  too  small).  To- 
tal, five  thousand  eight  hundred  and  forty  years.    The  pine  tree 
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worn  smooth  by  the  feet  of  men,  beneath  the  npper  bed  of  tufa, 
must  l^ave  been  there  at  least  one  thonsand  years  before  the 
formation  of  the  rock  cone.* 

Mr.  Koch,  who  furnished  a. skeleton  of  the  Mastodon  Ohio- 
crisis  J  from  the  recent  alluvium  of  theJPomme  d£  terre  River,  Mo., 
to  the  British  Museum  at  London,  convinced  the  English  geolo- 
gists, that  he  found  a  flint  arrowhead  at  the  depth  of  fifteen 
feet  beneath  the  skeleton,  which  arrowhead  was  of  the  pattern 
used  by  the  North  American  Indians.  He  also  stated  that 
near  the  skeleton,  and  full  as  deep,  were  three  other  flint 
arrowheads.  If  these  statements  are  reliable,  they  tend  to 
extend  the  antiquity  of  the  occupation  of  red  men  much  beyond 
that  of  the  American  shellheaps,  in  which  are  no  remains  of 
extinct  amimals.  This  statiement  of  Mr.  Koch,  is,  however, 
contradicted  by  one  of  the  men  who  assisted  him  in  exhuming 
the  skeleton.  A  similar  case  is  presented  by  Dr.  Holmes  of 
Charleston,  S.  C,  in  the  "  Proceedings  of  the  Philadelphia  Acad- 
emy of  Natural  Sciences,"  for  July,  1859.  He  found  pottery  at 
the  base  of  a  peat  bog,  on  the  banks  of  the  Ashley  River,  in 
close  connection  with  the  grinder  of  a  mastodon. 

This  pottery  probably  belonged  to  the  red  man,  and  if  so, 
strengthens  the  proof  of  his  presence  here  before  the  horse, 
mammoth  and  mastodon  were  extinguished. 

A  PEOPLE  BETWEEN  THE  INDIANS  AND  THE  MOUND  BUILDERS. 

The  ancient  earthworks  which  abound  on  the  waters  of  the 
Ohio  do  not  extend  northward  to  Lake  Erie.  There  is  a  belt 
of  country  north  of  Central  Ohio,  near  the  water  shed  of  the 
streams  that  empty  into  the  Lake,  which  is  without  ancient 
works,  so  far  as  at  present  known.  On  all  the  rivers  dischai^- 
ing  into  Lakes  Erie  and  Ontario  from  the  South,  there  are 
ancient  forts  in  proftision,  but  they  are  of  a  type  entirely  differ- 
ent from  those  in  the  valley  of  the  Ohio,  which  extend  south- 
ward through  Kentucky,  Tennessee  and  Texas,  into  Mexico. 

*Dr.  McGaire  has  republiahed  an  aocoant  of  fbia  ezeaTatioii  at  High  Bock 
Spring,  in  the  **  Proceedings  of  Uie  Boston  Society  of  Nataral  History,"  Vol.  zii, 
p.  398  (May,  1869),  more  in  detail  than  the  above,  but  giving  nearly  the  same  total 
resnlt  (5470  years,  within  all  bounds).  He  also  mentions  the  finding  of  a  lire-place 
and  charcoal  on  the  clay  bed,  under  a  stratum  of  muck  S  fbet  thick,  underlying  the 
last  8  feet  of  tufU  mentioned  above.— EDrroR. 
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There  are  few  mounds  and  no  pyramids  or  rectangles  on  the 
shores  of  these  lakes,  hnt  hundreds  of  small  irregular  fortifica- 
tions of  earth.  They  are  always  located  in  places  which  have 
natural  strength,  such  as  bluffs  and  points  of  land  with  water 
near  by,  and  steep  rayines  on  two  or  more  sides.  Generally  the 
fort  consists  of  a  ditch  or  ditches,  and  embankments  across  the 
narrow  part  of  a  peninsula.  They  are  almost  without  excep- 
tion well  selected  strongholds,  judiciously  fortified,  and  have  the 
appearance  of  long  occupation.  The  people  who  occupied  these 
forts  doubtless  comprised  not  merely  soldiers,  but  the  entire 
population  of  the  country.  They  must  have  been  cultivators 
of  the  soil,  but  divided  into  hostile  clans,  like  the  old  Scots 
and  Grermans,  who  required  castles  as  a  defence  against  each 
other.  This  race  of  fort  builders  on  the  lakes  may  have  been 
contemporaries  of  tiiie  mound  build^B,  and  of  the  efOgy  builders 
of  Wisconsin;  but  they  were  of  prior  date  to  the  Indian, 
who  has  no  more  knowledge  of  the  origin  of  these  forts  than 
of  the  mounds,  and  who  had  no  earthworks  when  the  whites 
first  encountered  them.  Mr.  Squier  in  his  '^  Antiquities  of 
Western  New  Yoik,'^  attributes  them  to  the  Indians,  but 
upon  grounds  that  do  not  seem  to  me  sufiScient. 

I  introduce  this  intermediate,  or  if  not  intermediate,  distinct 
race,  as  the  basis  of  fhture  investigation ;  but  do  not  feel 
warranted  at  present,  in  using  it  to  increase  the  antiquity  of 
the  American  man.  I  confine  myself  to  the  red  men,  the 
mound  builders,  and  to  the  evidence  of  fossil  men,  contempo- 
raxy  with  the  elephant,  mastodon,  horse  megalonyx,  and  other 
mammalia  of  the  quaternary. 

THE  RACE   OF  THE   MOUNDS. 

The  difference  in  their  modes  of  burial,  indicates  clearly  that 
the  mound  builders  were  a  people  distinct  from  the  North 
American  Indians.  In  almost  every  ancient  burial  mound,  the 
remains  of  both  races  have  been  iilterred;  the  bodies  of  the 
most  ancient  at  the  bottom,  or  at  great  depths,  on  charcoal 
hearths,  in  rude  enclosures  of  wood  or  stone,  with  copper  orna- 
ments, implements,  wrought  shells,  coarse  cloths,  and  other 
peculiar  marks.  On  the  sides  of  the  same  mounds,  some  of 
which  are  seventy  feet  in  height,  are  the  skeletons  of  the 
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red  race,  at  shallow  depths,  with  no  attempt  at  stone  or 
wooden  coffins,  and  in  the  early  graves  no  metal  ornaments. 
In  the  sepulchres  of  the  mound  builders,  flint  knives  are  rare, 
and  flint  arrowheads  still  more  so;  but  stone  axes  are  not 
uncommon.  In  the  Indian  graves  are  numerous  flint  arrow- 
heads and  knives,  but  stone  implements,  except  pipes,  are 
very  rare.  The  Indian  has  nowhere  raised  conspicuous  earth 
mounds  over  his  dead.  Their  most  notable  monuments,  are  low 
stone-heaps,  like  the  Irish  cairns,  formed  gradually  by  the 
friends  and  admirers  of  the  deceased,  as  they  pass  the  spot, 
throwing  a  small  boulder  upon  it.  In  the  Indian  graves  are  no 
evidences  that  the  body  was  burned,  as  there  are  in  large  num- 
bers of  the  old  earthen  tumuli.  No  instance  is  reported  where 
an  earth  mound  has  beneath  it  the  remains  of  a  race  which 
might  be  more  ancient,  but  the  instances  are  numQx>us  where 
there  are  bones  of  the  mound  builders  beneath  those  of  the  red 
man. 

The  mound  builders  show  in  all  their  relics  and  their  work, 
a  greater  mechanical  skill,  more  intelligence,  industry,  and  per- 
severance, than  the  Indian  tribes  ever  possessed.  They  wrought 
the  copper  mines  of  Lake  Superior  very  extensively  for  the 
purpose  of  fabricating  tools  of  this  metal,  which  are  found  in 
their  mounds,  in  contact  with  their  skeletons.  The  Indians 
had  only  the  rudest  copper  implements,  and  these  were  of  a 
pattern  quite  different  from  those  discovered  in  the  mounds. 
It  was  a  very  rare  circumstance  that  the  French  missionaries 
found  among  them  copper  that  had  be^n  wrought.  It  was  gen- 
erally treasured  up  as  a  manitou,  in  the  original  form  of  a 
nugget,  and  transmitted  as  an  heirloom  from  generation  to 
generation.  The  copper  adzes,  axes,  chisels,  spades  and  spear- 
heads, of  the  mound  builders,  were  nowhere  found  in  use  among 
the  living  tribes,  nor  any  tools  having  the  same  degree  of  finish, 
or  intended  for  purposes  of  so  high  civilization.  They  had 
only  the  rudest  knives,  aitowpoints,  and  implements  for  curing 
skins. 

These  facts  sufficiently  attest  the  presence  of  different  races, 
and  at  a  different  period ;  the  builders  of  temples  and  burial 
mounds  being  the  predecessors  of  those  who  constructed  no 
monuments  or  fortifications  of  earth.    We  must  also  infer  that 
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a  people  sufficiently  nnmerons  to  work  the  mines  of  Lake  Supe- 
rior throughout  the  copper  region,  and  to  construct  works  such 
as  those  at  Newark,  Marietta,  Circleville,  Portsmouth  and 
Cincinnati,  must  have  been  permanent  occupants;  but  how 
shall  we  determine  the  length  of  this  period  of  occupation. 

Alter  examining  the  principal  works  of  the  mound  period,  in 
Ohio,  and  their  mine  works  on  Lake  Superior,  I  could  not  esti- 
mate the  period  of  their  occupation  at  less  than  one  thousand 
years,  with  a  strong  probability  in  favor  of  two  thousand.  If 
we  drop  for  the  present  the  supposition  of  an  intermediate  race, 
and  take  the  highest  estimates  for  the  occupation  of  the  red 
man  and  the  mound  builders,  we  have  only  four  thousand 
years,  which  does  not  carry  us  back  to  the  beginning  of  the 
historical  period,  in  Asia  and  Africa. 

In  Switzerland,  relics  of  man  in  the  recent  alluvium  attest 

his  presence  there,  according  to  M.  Morlot,  nine  thousand  to 

eleven  thousand  years,  or  beyond  the  historical  records  of  the 

old  world  several  thousand  years.    It  is  highly  probable,  and 

is  in  accordance  with  the  analogies  of  Europe,  that  since  the 

glacial  period,  there  was  a  people  here,  more  ancient  than  the 

mound  builders,  but  I  know  of  no  remains  of  such  a  people, 

except  the  charcoal  beds  at  Portsmouth,  Ohio,  in  the  ancient 

valley  alluvium.    The  whelk,  found  by  Mr.  Cleveland,  is  a  shell 

which  was  in  common  use  by  the  mound  builders.    The  allu- 

viom  in  which  it  was  embedded,  is  of  the  most  recent  kind, 

which  at  the  months  of  the  tributaries  of  the  Ohio,  forms  very 

rapidly.    At  the  mouth  of  the  Great  Miami,  the  mud  deposited 

from  back  water  in  a  single  flood  of  the  Ohio  River  is  sometimes 

several  inches  in  thickness.    Since  the  settlement  there  in 

1789,  the  stumps  of  trees  and  large  logs  have  been  covered  up 

in  this  way,  until  the  plough  now  passes  over  them.    This 

modem  alluvium  is  easily  distinguishable  from  the  ancient 

river  allmium,  which  is  derived  from  the  drift  materials,  and 

which  must  also  be  distinguished  from  deposits  of  the  terrace 

period,  known  in  Ohio  as  the  valley  or  modified  drift.    The 

terrace  period  represents  the  closing  phase  of  the  glacial  era, 

when  the  valleys  were  full  of  water  and  floating  ice,  sorting  the 

materials  on  a  broad  scale,  in  lines  parallel  with  the  streams. 

The  ancient  river  alluvium  is  due  wholly  to  the  currents  of 

86 
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streams  acting  upon  the  valley  drift  of  the  terrace  period,  at 
levels  higher  than  the  present  channels. 

In  both  these  deposits  the  elephant  and  mastodon  are  com- 
mon, as  well  as  in  the  recent  alluvium.  In  the  ancient  river 
alluvium  has  been  found  the  gigantic  beaver,  or  Castoroides 
Ohioensis  of  Nashport,  Ohio,  the  taperoid  jaw  of  Yellow  Creek, 
Columbiana  County,  Ohio,  and  probably  the  Boa  bombifrona  of 
Trumbull  County,  Ohio. 

There  is,  therefore,  a  long  period  of  time  to  be  accounted  for 
between  the  earliest  mound  builders  in  this  country,  and  the 
earliest  inhabitants  of  the  Swiss  Lakes  and  of  the  Nile. 

Since  the  close  of  the  terrace  period  there  has  been  no  mate- 
rial change  in  the  surface  of  Ohio,  and  perhaps  no  general 
change  in  the  climate.  Man  could  have  resided  here  then  as 
well  as  now.  In  Belgium  and  France  relics  of  man  extend 
much  farther  back,  into  and  even  beyond  the  terrace  period, 
when  the  surface  of  the  country  was  somewhat  different  from 
what  it  is  now.  He  lived,  and  may  have  perished,  with  the 
elephant,  mastodon,  rhinoceros,  and  the  extinct  elk,  during 
the  closing  portions  of  the  ice  period.  It  is  therefore  reason- 
able to  suspect  that  man  existed  in  North  America  with  the 
extinct  elephant,  mastodon,  megalonyx,  horse,  beaver,  and 
the  peccary  of  the  United  States,  which  lived  towards  the  close 
of  the  ice  era,  though  it  does  not  follow  that  they,  and  he,  were 
exactly  cotemporary  here  with  the  European  species. 

With  the  exercise  of  the  3ame  never  tiring  research  dis- 
played by  M.  de  Perthes,  and  the  same  facilities,  it  is  highly 
probable  that  the  drift  clays  of  Lake  Erie,  and  the  valley  of  the 
St.  Lawrence,  would  furnish  us  with  equally  palpabfe  speci- 
mens of  the  ancient  man« 

EVIDENCES  OF  MEN  MORE  ANCIENT  THAN  THE  MOUND  BUILDEE8. 

In  1838  while  examining  the  structure  of  the  fluviatile  de- 
posits on  the  Ohio  River,  at  Portsmouth,  Ohio,  I  saw  in  two 
places  in  the  east  part  of  that  town,  the  remains  of  very  ancient 
fires. 

At  low  water,  and  thence  up  to  a  height  of  twelve  and  fifteen 
feet,  is  a  bed  of  sand  and  transported  gravel,  containing  pebbles 
of  quartz,  granite,  sandstone  and  limestone,  derived  partly  from 
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the  adjacent  carboniferous  and  Devonian  rocks,  and  partly 
from  the  northern  drift,  the  upper  part  much  the  coarsest. 

On  this  is  a  layer  of  blue  quicksand,  from  one  to  five  feet 
thick,  in  which  is  a  timber  bed,  including  large  numbers  of  the 
tnmks,  branches,  stumps  and  leaves  of  trees,  such  as  are  now 
growing  on  the  Ohio,  principally  birch,  black-ash,  oak  and 
hickoiy. 

Over  the  dirt  bed  is  the  usual  loamy  yellow  brick-clay  of  the 
valley,  fifteen  to  thirty  feet  in  thickness,  on  which  are  very 
extensive  works  of  the  mound  builders.  In  and  near  the  bottom 
of  this  undisturbed  homogeneous  river  loam,  I  saw  two  places 
where  fires  had  been  built  on  a  circular  collection  of  small 
stones,  a  part  of  which  were  then  embedded  in  the  bank. 

The  stones  were  colored  red  by  heat,  and  among  them  was 
charcoal,  covered  by  the  clay,  of  which  I  have  specimens. 
Around  and  near  to  the  fire  beds,  were  what  appeared  to  be  the 
exterior  membrane-like  covering  of  river  shells  (unios),  but  no 
shells.  It  was  several  rods  from  one  of  the  charcoal  beds  to 
the  other,  and  they  were  not  precisely  on  the  same  level.  They 
were  from'  eighteen  to  twenty  feet  above  low  water,  and  about 
fifteen  feet  beneath  the  surface.  There  are  no  trunks  of  trees 
in  the  loamy  brick  clay  which  is  not  laminated.  It  was  re- 
ported that  some  of  the  trees  in  the  blue  stratum  below  had 
been  charred.  On  the  surface  of  the  clay  deposits  near  the  fire 
beds  were  two  parallels,  portions  of  ancient  earthworks  ex- 
tending to  the  river.  At  the  west  end  of  the  town — where  an 
artificial  mouth  of  the  Scioto  was  formed,  about  thirty-five  feet 
deep,  in  order  to  allow  the  Ohio  canal  to  enter  the  river — the 
blue  quicksand  bed  and  the  loam  above  it  dips  westerly  down 
to  the  level  of  low  water.  To  the  westward  of  this  artificial 
mouth  the  recent  alluvium  of  the  Scioto  overlies  the  yellow 
loamy  clay,  cutting  off  both  the  quicksand  and  the  loam.  The 
Scioto  alluvium  has  a  darker  color,  is  frequently  contorted  and 
laminated,  and  has  embedded  leaves  and  branches  of  trees  now 
growing  on  its  banks. 

Francis  Cleveland,  Esq.,  an  engineer  upon  the  State  works, 
who,  in  1828,  had  charge  of  the  deep  cut,  informed  me  that  at 
a  depth  of  twenty-five  feet  in  this  alluvium  several  conch  shells 
were  taken  out,  which  were  five  to  eight  inches  in  length.    He 
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said  they  were  the  same  as  one  I  then  exhibited  to  him,  pro- 
cured from  an  ancient  mound  on  the  Scioto  River,  and  which 
Professor  Kirtland  determined  to  be  a  Pyrukb  perversa  from 
the  Gulf  of  Mexico  and  Chesapeake  Bay,  and  called  whelks. 
These  shells  were  in  common  use  by  the  mdimd  builders,  prob- 
ably in  their  public  ceremonies. 

Here  we  have  within  the  limits  of  the  city  of  Portsmouth, 
memorials  of  the  mound  period,  and,  as  I  conceive,  of  the  rude 
fires  of  men  of  still  higher  antiquity. 

EEPUTED   EVIDENCES    OF   MAN  IN  THE   QUATERNARY. 

Profile  of  the  Mississippi  Biter  Bluffs^  at  Natchez,  Mississippi^  by  Pro- 
fessor C.  S.  Forshey,  1842. 

1.  At  low  water  mark,  slate,  thickness  un- 

known, probably  cretaceous,        .        .       5  feet. 

2.  Recent  conglomerate,  probably  quaternary,     8    "  =  18  feet. 
8.   Coarse  gray  water-wflished  sand,  quaternary, 

(high  water  mark  at  40  feet),    .        .        115    "  =128     <* 
4.  Yellowish  brown  homogeneous  calcareous 

loam,  with  fresh-water  and  land  shells, 

the  equivalent  of  the  loess  of  the  Rhine,  60    **  =  178     " 
On  the  surfoce  of  the  sand,  the  skeleton  of  a  mastodon  was  found, 
which  appeared  to  have  been  buried  erect. 

Sir  Charles  Lyell  in  1847  (Antiquity  of  Man,  p.  200),  col- 
lected at  this  place  twenty  species  of  Hdix^  HeLidana^  Pupa 
Cydostoma^  AchcUina  and  Sucdnea.  And  in  the  marly  layers 
Lymnea^  Planorbis,  Pcdudina^  Physa  and  CycUis, 

A  narrow  gully  called  the  "  Mammoth  Ravine,"  near  Natchez, 
originated  in  the  convulsions  of  the  earthquake  of  1811,  is  seven 
miles  long  and  sixty  feet  deep. 

The  Mastodon  Ohioensis  in  the  bed  next  below  the  loess  was 
found  in  connection  with  the  horse,  Bos,  Megalonyx,  and  other 
mammals. 

Among  these  bones  Dr.  Dickson  found  the  pelvic  bone  of  a 
man.  It  was  colored  black,  like  the  other  bones  of  this  bed, 
but  so  are  the  recent  bones  of  Indian  graves  in  the  neighbor- 
hood. The  superficial  materials  of  the  Somme  in  Picardy  may 
be  older  than  the  Natchez  bone  bed,  but  there  is  not  reliable 
evidence  that  Dr.  Dickson's  oa  innomanatum  belongs  to  this 
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bed.    It  is  a  case  open  to  investigation  without  prejudice,  like 
the  early  discoveries  of  Boucher  de  Perthes. 

Sir  Charles  LyelVs  profile  cU  Vicksburg,  Mssiasippi,  eighty  mUes  north  of 
Natchez,  1846. 

1.  Below  low  water,  cretaceous. 

2.  Sand-bed  with  roUed  pebbles,  same  as  at  Natchez.    [This  he  re- 

gards as  Eocene  tertiary,  bat  possibly  drift.  No  tertiary  has 
been  reported  by  American  geologists  along  the  river  above 
Vicksburg.] 

8.  Calcareous  loam  or  loess,  same  as  at  Natchez. 

4.  Soil 

The  loam,  or  loess  of  the  Mississippi,  has  since  1846  been 
traced  by  Professors  SafTord,  Owen,  Swallow  and  Worthen, 
from  Vicksburg  to  the  mouth  of  the  Missouri,  and  up  the  Ohio 
beyond  the  Wabash,  where  it  contains  the  Megalon^'x. 

WORKS   OF   ART,    6RIKNELL  LEADS,   KANSAS. 

An  instance  is  given  by  Professor  Daniel  Wilson  (Prehis- 
toric Man,  p.  46)  of  a  flint  knife,  found  at  the  Grinnell  leads, 
Kansas,  by  Mr.  P.  A.  Scott,  at  the  depth  of  fourteen  feet.  It 
is  probable  that  this  knife  belonged  to  some^of  our  Indian 
races,  with  whom  flint  implements  predominated,  but  how 
ancient  the  overlying  deposits  are,  cannot  be  considered  as  well 
settled. 

There  is,  however,  a  case  given,  upon  the  authority  of  Pro- 
fessor Agassiz,  where  the  jaws,  teeth  and  bones  of  the  human 
frame  were  found  by  Count  Pourtales  in  a  calcareous  conglom- 
erate in  Florida,  which  is  geologically  recent,  but  which  they 
consider  required  ten  thousand  years  to  accumulate  over  the 
bones.*  As  no  opinion  is  given  as  to  the  race  to  which  these 
remains  belong  they  cannot  be  connected  with  either  the  red 
man,  or  the  mound  builder.  They  may  be  parts  of  a  skeleton, 
drifted  from  far  distant  lands,  especially  from  the  islands  which 
constitute  the  West  Indies.    Unfortunately  there  is  not  only 

*  Count  Poartales,  in  reference  to  seTeral  erroneous  acconnts  that  have  been 
giien  regarding  the  Florida  bones,  makes  tlic  following  statement  in  the  *' American 
Kttorsliat/'  VoL  il,  p.  443  (Oct.,  1888).  «*  The  human  jaw  and  other  bones,  found  in 
Florida  by  myself  in  1S&8,  were  not  in  a  coral  formation,  but  in  a  firesh-water  sand- 
Btone  on  the  shore  of  Lake  Monroe,  associated  with  A^sh-water  shells  of  species 
■till  liTing  in  the  lake  (Paludina,  Ampularia,  etc.  J,  No  date  can  be  assigned  to  the 
formation  of  that  deposit,  at  least  from  present  observation." — Editor.      * 


286  B.   NATURAL  HISTORT. 

in  this  but  in  all  the  cases  quoted. in  the  United  States,  per- 
taining to  the  quaternary  period,  a  degree  of  uncertainty  in  the 
evidence,  which  is  fatal  to  a  scientific  result. 

The  human  skeleton  described  by  Dr.  Dowlais,  found  at  the 
depth  of  (16)  sixteen  feet  in  the  city  of  New  Orleans,  to  which 
a  high  antiquity  has  been  ascribed,  belongs,  according  to  the 
later  investigations  of  Professor  HUgard,  of  the  survey  of  Louis- 
iana, to  the  recent  alluvium. 

While  the  canal  around  a  rapid  of  the  St.  Lawrence  was  being 
excavated  near  Brockville  in  Canada,  Dr.  J.  Raynolds  of  that 
place  procured  several  copper  tools,  which  are  reputed  to  have 
been  found  (14)  fourteen  feet  below  the  surface  (Smithsonian 
Contributions,  vol.  x,  p.  208).  There  were  at  the  same  depth  a 
number  of  human  skeletons,  placed  there  evidently,  according 
to  some  form  of  sepulture.  The  copper  spearheads  found 
among  these  skeletons  correspond  in  their  general  characters 
to  those  of  the  mound  builders,  except  in  the  mode  of  attach- 
ment to  the  shaft.  Li  the  Brockville  spears  there  is  a  pointed 
spike  or  shank,  instead  of  the  usual  hollow  socket.  There  was 
also  a  spade-like  tool  of  copper,  of  which  none  have  been  found 
in  the  mounds,  but  I  have  seen  one  from  the  drift  gravel  of 
Lake  Superior  closely  resembling  it.  Neither  have  the  copper 
spearheads,  attributed  to  the  mound  builders,  been  found  at 
such  depths  in  their  works  as  to  render  it  certain  they  were 
made  and  used  by  them.  The  age  of  the  Canada  formation  is 
not  determined,  but  appears  to  be  of  the  later  drift,  or  terrace 
period,  and  the  remains  may  have  received  a  part  of  their  cov- 
ering from  the  alluvial  wash  of  higher  lands,  or  from  slides. 
This  locality  requires  farther  examination. 

On  the  Ashley  river,  near  Charleston,  South  Carolina,  Dr. 
Holmes  reports  an  instance  where  he  discovered  fragments  of 
pottery  at  the  bottom  of  a  peat-bog,  in  close  connection  with 
remains  of  the  Mastodon  and  Megatherium  (Proceedings  of 
the  Philadelphia  Academy  of  Natural  Sciences,  July,  1859). 
There  is  here  a  close  resemblance  to  the  pottery  finds  of  the 
deposits  of  the  Nile,  and  the  relics  of  the  peat  bogs  at  Abbe- 
ville in  France.  There  is  in  them  evidence  of  high  antiquity, 
not,  however,  carrying  us  beyond  the  alluvium. 

As  the  pendant  or  "plumb  bob"  of  Sienite  procured  by  Pro- 
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feasor  Grimes  at  the  depth  of  (30)  thirty  feet  below  the  present 
Borface,  in  the  bed  of  an  ancient  lake  in  California,  will  doubt- 
less receive  a  notice  in  these  "Proceedings,"  from  Colonel 
Foster,  I  make  no  farther  reference  to  it  than  to  call  attention 
to  the  fact  that  the  deposit  must  be  regarded  as  more  recent 
than  the  drift.  Mr.  John  Collot,  of  Vermilion  County,  Illinois, 
has  in  his  possession  a  similar  ornament  or  implement  three 
inches  long,  made  with  great  care  and  symmetry  from  a  piece 
of  pure  crystalline  specular  iron  ore.  He  has  also  a  fragment 
of  another  precisely  like  the  above,  and  a  beautifully  formed 
hemisphere,  like  a  paper  weight,  fabricated  of  the  same  mate- 
rial. They  were  found  on  the  surface  about  fifteen  miles  south 
of  Covington,  Indiana. 

Near  Penyville,  in  Knox  County,  Ohio,  about  twenty  years 
since,  I.  N.  Pillsbury,  Esq.,  Civil  Engineer,  of  Cleveland,  Ohio, 
discovered  a  "plumb  bob,"  very  like  the  Sienitic  one  of  Cali- 
fornia. It  was  taken  by  him  about  one  foot  beneath  the  sur- 
face, within  one  of  the  ancient  forts  common  in  Ohio.  The 
material  is  a  whitish  gray  crystalline  limestone,  not  as  elegant 
in  form  as  those  of  Mr.  Collot  and  Professor  Grimes,  but  about 
the  same  length. 

In  all  of  them,  the  hole  at  the  upper  end  through  which  they 
were  suspended,  tapers  towards  the  centre.  It  is  more  likely 
they  were  amulets  or  ornaments  worn  about  the  person,  and 
are  of  an  era  subsequent  to  the  mound  builders. 

In  this  epitome  of  the  evidences  of  man  in  the  United  States 
prior  to  the  historical  period,  I  have  not  alluded  to  the  reputed 
skulls  of  Calaveras  County,  California,  produced  respectively 
by  Professors  Whitney  and  Blake.  In  regard  tp  both  of  them 
there  is  a  direct  contradiction  in  reference  to  the  authenticity 
of  the  relics,  and|the  age  of  the  deposits  in  which  they  are  sup- 
posed to  have  been  found.  These  "Proceedings"  will  no  doubt 
contain  their  views  and  their  proofs  at  full  length.  In  every 
instance  where  we  descend  below  the  alluvium  in  search  of 
human  remains  and  relics  we  are  thus  far  met  by  conflicting 
testimony  as  to  the  facts. 

The  later  clay,  sand  and  gravel  beds  of  the  drift  era  on  the 
lakes,  and  the  newer  drift  and  loess  beds  of  the  Mississippi, 
should  contain  them,  if  these  deposits  are,  as  they  appear  to  be. 
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coeval  with  those  of  the  Somme.  In  the  Belgian  caves  we  are 
also  j^imished  with  works  of  man  that  seem  to  be  as  ancient 
as  the  closing  out  of  the  glacial  period. 


2.  Arch^ologt  of  the  Mississippi  Valley.    By  "W.  DeHass, 
of  St.  Louis. 

The  progress  of  Archaeology  has  been  rapid  and  snccessfol 
abroad,  but  at  home  little  comparatively  has  been  accom- 
plished. In  the  great  valley  of  the  Mississippi  nothing  had 
actually  been  done  previous  to  the  present  season. 

Anxious  to  compare  the  ancient  earthworks  of  the  Missis- 
sippi, Ohio,  and  subordinate  valleys,  I  came  West  in  March, 
1868,  and  as  early  as  practicable  commenced  operations. 

The  extensive  system  of  mounds  on  the  American  Bottom 
having  long  attracted  attention,  and  there  being  some  diversity 
of  opinion  as  to  the  character  of  these  interesting  monumental 
remains,  I  have  examined  with  care  these  really  fine  and 
remarkable  works,  and  respectftiUy  submit,  for  the  considera- 
tion of  members  of  the  Association,  the  result  of  observations 
and  explorations  thus  far  prosecuted. 

These  researches  have  been  prosecuted  in  that  spirit  of 
scientific  inquiry  which  is  pressing  forward  exploration  in 
other  lands ;  which  is  not  content  to  rest  with  mere  afiirmation 
or  specious  speculation,  but  demands  careful,  thorough,  and 
laborious  efforts  to  develop  the  primordial  life  of  man,  trace 
out  his  remains  of  art  and  industry,  collect  the  fast  perishing 
memorials,  and  otherwise  preserve  these  early  monuments  and 
vestiges  of  art. 

The  American  Bottom,  Illinois,  presents  the  most  extensive 
and  remarkable  system  of  ancient  tumtdi  to  be  found  in 
North  America.  Other  parts  of  the  country  present  more 
varied  works,  but  nowhere  are  the  mounds  so  large  and  nu- 
merous, and  arranged  with  so  much  system,  as  the  locality 
referred  to.  They  exhibit,  indeed,  a  city  of  mounds,  a  vast 
and  mysterious  collection  of  monumental  remains. 

Familiar  with  the  earthworks  of  the  United  States,  I  have 
been  not  a  little  surprised  at  finding  those  on  the  opposite  side 
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of  the  Mississippi,  entirely  tumnlar.  Elsewhere  they  generally 
occur  m  connected  groups,  associated  with  ch'cumvallations, 
ramparts  and  mural  works. 

Before  entering  on  a  description  of  these  interesting  monu- 
mental remains,  with  vestiges  of  art  found  in  and  adjacent  to 
them,  I  will  give  a  brief  historical  retrospect  of  the  great 
alluvial  known  as  the  "American  Bottom."  This  comprises 
the  most  extensive  and  valuable  alluvium  in  the  United  States. 
It  stretches  from  nearly  opposite  the  mouth  of  the  Missouri  to 
the  Kaskaskia,  over  eighty  miles,  and  has  an  average  breadth 
of  about  seven  miles.  Of  inexhaustible  fertility ;  abounding 
in  scenery  highly  picturesque  —  lakes,  creeks,  and  running 
brooks  —  it  was  evidently  the  favorite  abode  of  an  active  and 
populous  conmiunity  in  prehistoric  days.  The  most  desirable 
portion  is  that  lying  north  and  east  of  Big  Lake,  or  the  Belle- 
ville road.  Much  of  this  is  prairie,  and  the  early  occupants  of 
the  valley  selected  this  as  their  home,  built  their  mounds  and 
made  secure  their  foothold  on  the  broad  domain.  The  name 
by  which  this  fine  body  of  land  is  now  known  was  derived 
from  a  settlement  chiefly  from  Virginia,  Kentucky  and  Tennes- 
see, many  of  them  followers  of  George  Rogers  Clark.  These 
were  Americana^  and  known  as  such  in  contradistinction  to 
those  of  Gallic  descent. 

At  an  early  day  the  indefatigable  explorers,  missionaries  and 
traders,  from  La  Belle  France^  penetrated  the  valley  of  the 
Mississippi  and  planted  the  standard  of  the  cross  among  the 
native  tribes  whom  they  found  occupying  the  country. 

When  La  Salle  descended  the  Mississippi  in  1686,  the  prin- 
cipal native  tribes  occupying  the  region  embraced  within  these 
observations  were  the  Cahokias,  Tamaroas  and  EaskasMas, 
belonging  to  the  Illinois  confederacy.  Allouez  soon  after 
founded  his  mission  among  the  Kaskaskias,  and  about  the 
same  time  Gravier  and  Pinet  claim  the  credit  of  founding 
missionary  posts  with  the  Caoquias. 

Sebastian  Rale  (Biographv  in  Sparks)  visited  the  Missions 

in  1692,   spending  two  years  among  the    Illinois    Indians. 

Charlevoix  visited  the  region  in   1721,  and  speaks  of  the 

Caoquias  and  Tamaroas. 

These  early  writers  describe  the  manners,  habits  and  customs 
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of  the  Indians,  btU  are  silent  about  the  mounds.  The  natives 
were  indolent  and  dirty,  devoted  to  hunting  and  fishing. 
They  were  acquainted  with  some  of  the  simpler  arts.  Charle- 
voix describes  the  mode  of  making  thread  for  sewing  their 
robes,  moccasons,  etc.  "After  stripping  the  flesh  from  the 
sinews  of  the  roebuck  they  expose  them  to  the  sun  for  the 
space  of  two  days ;  after  they  are  dry  they  beat  them,  and 
then,  without  diflficulty,  draw  out  a  thread  as  white  and  as  fine 
as  that  of  the  Mechlin,  but  much  stronger." 

One  of  the  earliest  reliable  writers  on  the  antiquities  of  the 
American  Bottom  was  Breckenridge.  In  his  "  Views  of  Louis- 
iana," published  in  1817,  interesting  sketches  are  given  of  his 
visit  to  the  Indian  and  French  villages  at  Kaskaskia  and 
Cahokia.  He  speaks  of  a  "  number  of  large  viUages ;  that  a 
lucrative  fur  trade  was  carried  on,  and  their  agriculture  exten- 
sive." "  These  settlements  sent  to  New  Orleans  in  one  year 
(1746)  800000  pounds  of  fiour,  while  at  the  time  there  was  not 
a  single  settlement  on  the  western  side  of  the  river."  The 
principal  villages  were  Kaskaskia,  Prairie  du  Rocher,  Cahokia, 
De  Charte,  and  St.  Philip.  The  two  last  have  entirely  dis- 
appeared."  (1812-13.) 

Breckenridge  visited  the  mounds.  He  says:  "As  I  ap- 
proached the  foot  of  the  largest  mound  I  was  struck  with  a 
degree  of  astonishment,  not  unlike  that  which  is  experienced  in 
contemplating  the  pyramids." 

The  Indians  disavowed  all  knowledge  of  the  monuments. 
They  had  no  tradition  concerning  their  origin  or  purposes. 
The  old  chief  of  the  Easkaskias  told  Mi\  Rice  Jones  that  in 
the  war  of  his  nation  with  the  Iroquois,  the  mounds  on  the 
American  Bottom  were  used  as  forts. 

From  the  days  of  Breckenridge's  observations  to  the  present, 
these  interesting  antiquities  have  attracted  attention  but  not 
investigation.  Most  books  of  travel  were  incomplete  without 
some  fanciful  notice.  The  periodical  press  have  repeatedly 
noticed  them.  Speculation  has  been  busy  as  to  the  origin, 
character  and  purposes  of  these  remarkable  works,  and,  wor^t 
of  all,  ignorance,  with  brazen  assurance,  has  claimed  to  be 
heard  in  expounding  the  mystery  of  the  mounds.  So  remark- 
able, varied  and  extensive  are  these  monumental  remains  that 
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many  persons  coald  not  comprehend  how  human  labor  could^ 
have  erected  them.     The  Pyramids  would  doubtless  still  more 
baffle  and  confound  these  sagacious  observers. 

A  fluviatile  origin  has  been  a  ready  and  plausible  theory  with 
many  persons.  Another  respectable  authority  regards  them  as 
outliers  of  loess  brought  to  their  present  form  by  denudation. 

The  writer  of  an  elaborate  paper  in  the  "  Edinburgh  Review," 
speaking  of  the  great  mound  says:  '^This  mound  is  con- 
structed with  as  much  regularity  as  any  of  the  teocallis  in  the 
South,  and  was  originally  cased  with  stone  (some  American 
archaeologists  maintain  with  brick)  and  surmounted  with  one  or 
more  buildings,"  etc.  The  writer  does  not  inform  us  who  these 
"  American  archaeologists  "  are,  but  possibly  they  are  allied  to 
that  class  who  "  maintain"  the  "  geology  of  the  tumuli^''  prate 
about  ^^  stratified  mounds,"  and  delight  to  use  scientiiic  terms, 
the  very  meaning  of  which  they  are  utterly  ignorant.  These 
are  third-rate  country  doctors,  rural  district  teachers,  and  other 
tyros  who  imagine  they  have  discovered  in  graphic  mica,  or 
encrinital  limestone,  genuine  Hebraic  inscriptions. 

It  is  not  surprising  that  novices  should  commit  egregious 
blunders  in  attempting  to  discuss  subjects  they  do  not  under- 
stand ;  but  it  is  surprising  that  those  whose  position  and  inves- 
tigations should  have  induced  them  to  examine  carefully  the 
character  of  these  works  before  expressing  positive  opinions, 
have  failed  to  do  so.  The  only  charitable  conclusion  is  they 
never  examined  the  mounds.  No  man  whose  opinions  are 
worth  quoting  could  have  examined  even  one  of  these  inter- 
esting monuments,  and  not  declared,  unequivocally,  in  favor  of 
artificial  origin.  The  proofs  are  clear,  abundant  and  conclu- 
sive. Externally  and  internally,  character,  strucfure,  position 
and  contents,  all  incontestably  prove  them  the  work  of  man's 
labor,  industry  and  spirit  of  combined  action.  All,  from  the 
lai^st  to  the  smallest,  are  the  result  of  human  agency.  On 
this  point  there  need  be  no  farther  cavil  or  doubt. 

With  all  due  deference  to  very  respectable  authority  in  the 
West  I  must  dissent  from  his  expressed  views  that  these 
mounds  are  loess.  They  are  totally  different  in  character  and 
composition.  The  loess  is  uniform  buff  colored;  all  mounds 
alluded  to  are  a  heterogeneous  mottled  composition  of  vegetable 
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#  mould,  sand  and  clay.  This  is  the  imvaiying  character  of 
every  mound  on  the  American  Bottom  that  I  have  examined. 
The  great  tumulus  presents  this  marked  feature,  as  do  the 
smallest  composing  this  extensive  and  remarkable  system. 

But  of  the  mounds — who  erected  them  ?  How  were  they  con- 
structed? When  built?  For  what  purpose  designed?  Whence 
came  and  whither  went  their  builders?  These  are  questions 
which  have  baffled  inquiry  in  other  days,  and  still  defy  our 
keenest  ken.  Were  their  builders  Autochthones?  or  were  they 
immigrants  from  other  lands  ?  How  derived  their  knowledge  of 
agriculture,  of  working  stone,  of  pottery  and  other  useM  arts  ? 
How  lose  all  these  ? 

Impressed  with  the  importance  of  giving  these  investigations 
all  the  attention  possible  I  have  labored  assiduously  to  this 
end.  I  have  traversed  the  field  hundreds  of  miles,  over  lakes, 
across  bogs,  up  creeks,  down  streams,  penetrated  its  geolog- 
ical strata  and  climbed  long  miles  of  tortuous  bluff;  have 
examined,  located,  measured  and  mapped  over  one  hundred 
and  fifty  mounds,  excavating  many,  and  collecting  several 
hundred  specimens  of  ancient  art,  representing  the  stone  age, 
the  fictilia,  the  art  and  skill  of  the  mound  builders.  This  has 
not  been  unattended  with  labor,  exposure  and  expense.  But  I 
have  the  gratification  to  know  that  the  question  of  the  mounds 
— whether  natural  or  artificial — has  been  forever  settled. 
These  explorations  also  afford  another  pleasure :  they  enable 
the  archaeologist  to  read  from  the  great  book  spread  out  in  the 
mounds  and  their  contents  much  of  the  history,  character, 
habits  and  customs  of  the  people  who  occupied  these  broad 
valleys  in  long  anterior  years.  And  yet  the  work  has  scarcely 
begun.  A  vast  field  for  scientific  exploration  opens  to  the 
enlightened  energies  of  the  Government,  of  societies  and  in- 
dividuals. It  is  indeed  discreditable  to  our  intelligence  as  a 
people  that  these  explorations  were  not  made  years  ago.  Many 
of  the  finest  monuments  of  antiquity,  here  and  elsewhere,  have 
already  disappeared,  and  the  hand  of  vandalism  is  being  laid 
violently  upon  others.  The  effacing  agencies  of  time  and  man 
are  rapidly  consigning  many  fine  works  to  irretrievable  destruc- 
tion. Shall  this  condition  of  things  continue?  Better  allow 
the  English  Societies,  as  suggested  by  a  writer  in  the  "Edin- 
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burgh  Reyiew/'  to  organize  a  comznission  and  explore  these 
American  monuments ;  or,  as  has  been  suggested  in  Paris,  that 
the  Emperor  send  a  commission  to  explore  the  mounds  and 
cany  off  the  implements  of  industry  and  of  the  chase,  the 
weapons  of  war,  etc.,  which  may  be  discovered.  Far  better 
this  than  that  these  fine  works  shall  go  to  destruction  and  their 
Testiges  of  art  be  scattered  and  utterly  lost. 

Two  grand  groups  of  ancient,  tumuli  loom  up  on  the  broad 
smface  of  the  American  Bottom.  They  are  distant  from  the 
central  figures  about  six  miles,  but  connected  by  a  series  of 
smaller  mounds,  forming  a  continuous  chain,  and  constituting 
one  grand  and  extensiye  system  of  tumular  works —  unequalled 
for  size,  number  and  interesting  feature  on  either  the  sub- 
continents of  America. 

One  of  these  groups  stands  within  the  city  limits,  and  adja- 
cent to  East  St.  Louis ;  the  other  six » miles  to  the  north-east, 
lying  chiefly  north  of  the  Ohio  and  Mississippi  Railway.  These 
are  connected  by  a  series  of  tumuli,  stretching  along  Indian 
lake  and  Cahokia  creek,  the  entire  system,  including  those 
along  the  bluff  numbering  over  two  hundred  mounds. 

These,  collectively,  present  a  vast  city  of  mounds  in  ruin. 
They  undoubtedly  constituted  the  seat  of  a  great  power —  a 
community,  little  less  populous,  perhaps,  than  that  now  cen- 
tering within  an  area  of  twenty  miles  of  this  great  modem 
metropolis  of  the  West.  The  upper  group,  containing  the 
most  important  monuments,  was  doubtless  the  citadel  of  the 
ancient  empire.  It  comprises  over  sixty  mounds,  arranged 
with  great  system,  and  in  marked  position  towards  each  other. 
The  great  mound,  constituting  the  principal  feature,  is  sup- 
ported by  four  elevated  squares,  and  numerous  large  tumuli  of 
manifest  importance  in  the  system. 

The  mounds  comprising  these  respective  groups  are  coni- 
cal, ellipsoidal,  square,  parallelogram  and  paraeform.  Some 
are  perfect  cones,  others  frustum.  They  vary  in  height  from 
five  to  ninety  feet,  in  some  instances  presenting  an  angle  of 
nearly  sixty  degrees.  They  are  all  of  earth  takeiT  from  the 
surrounding  plain  or  bluff,  and  constructed  with  symmetry, 
neatness  and  manifest  design. 
It  is  claimed  as  a  noticeable  fact  that  corresponding  excava- 
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tions  can  be  observed  near  most  of  tbe  mounds.  I  have 
noticed  this  quite  marked  in  some  instances,  but  only  in  locali- 
ties where  the  vegetable  mould  was  found  underlaid  with  a 
deposit  of  sand.  With  their  rude  implements  and  facilities 
for  removing  soil  the  mound-builders  could  not  make  heavy 
excavations,  but  would  rather  avail  themselves  of  the  most 
readily  removed. 

I  have  failed  to  detect  near  .any  of  these  mounds  the  fosse  so 
frequently  noticed  near  Ohio  valley  tumuli.  They  correspond 
in  general  external  appearance,  internal  structure  and  arrange- 
ment to  the  ancient  tumuli  of  other  parts  of  the  country, 
except  those  of  an  elliptical  type.  This  class  occurs  more 
frequently  here  than  elsewhere.  The  square  mounds  find 
counterparts  in  the  elevated  squai*es  at  Marietta,  Ohio. 

I  will  not  attempt  to  describe  in  detail  this  extensive  system, 
but  propose  merely  a  general  running  sketch,  reserving  for 
another  occasion  a  more  particular  description. 

A  general  design  is  manifest  in  all  the  ancient  earthworks 
of  America.  In  the  Ohio  valley  they  are  found  in  connected 
systems.  In  the  Mississippi  valley,  or  that  part  lying  opposite 
the  city  of  St.  Louis,  they  occur  alone  in  tumular  erections, 
arranged  in  groups,  with  outstanding  guards,  system  and  un- 
mistakable design. 

It  is  difficult  at  the  present  stage  of  these  investigations  to 
determine  the  true  position  in  archaeology  of  these  Illinois 
mounds.  They  may  be  older  than  other  works  in  the  Ohio  and 
subordinate  valleys.  They  certainly  present  a  distinct  type.  I 
have  not  discovered  in  this  extensive  field  a  single  circumval- 
lation,  hill  or  valley  fortification,  nor  the  semblance  of  a  mural 
work. 

The  remains  of  art  found  among  these  mounds — stone  im- 
plements, fictilia,  etc. — indicate  a  knowledge,  quite  equal,  if 
not  in  advance,  of  art  remains  from  the  mounds  of  Ohio,  West 
Virginia,  Kentucky,  Indiana,  etc.  There  is  a  decided  differ- 
ence between  some  of  their  stone  implements  which  will  be 
more  particularly  noticed  hereafter.  This  fact  induces  the 
belief  that  they  belong  to  different  people.  As  to  the  object 
of  the  mound,  without  attempting  to  advance  an  hypothesis 
based  on  incomplete  observations,  it  may  be  safely  assumed 
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that  all  mounds  wherever,  whenever,  or  by  whomever  con- 
stnicted,  were  primarily  designed  as  places  of  sepulture.  This 
we  read  alike  in  the  simple  and  often  scarcely  distinguishable 
tumuli  in  the  valley  of  the  Mississippi,  or  the  isles  of  Britain, 
as  we  do  in  the  huge  mounds  on  the  Cahokia,  or  the  vast 
earthen  and  megalithic  monuments  of  Northern  Europe,  or 
the  valley  of  the  Nile.  They  were  often  devoted  to  other  uses, 
but  the  great  first  purpose  was  sepulchral.  They  doubtless 
often  served  a  triple  purpose — tomb,  temple,  dwelling  place. 
The  large  square  works  possibly  supported  the  houses  of  im- 
portant personages,  or  picketed,  served  as  places  of  defence. 
The  great  mound  probably  supported  the  principal  temple,  also 
the  house  of  their  cazique  or  king.  Others  served  as  guard 
posts,  and  still  others  as  places  of  defence. 

Many  of  the  larger  tumuli  are  believed  to  have  contained 
secret  entrances  which  were  used  after  the  structure  had  been 
completed.  This  was  the  case  of  the  great  mound  at  Grave 
Creek,  Yirginia,  a  mound  near  New  Madrid,  and  it  is  a  notice- 
able feature  in  the  Pyramids.  Mrs.  Hill,  who  resided  a  quarter 
of  a  centuiy  on  the  great .  mound,  informs  me  that  a  large 
entrance  was  at  one  time  discovered,  but  filled  up  to  prevent 
wild  animals  making  therein  their  dens.  Most  of  the  large 
sepulchral  mounds  of  the  West  contained  originally  rude 
chambers  of  wood  and  stone  combined.  The  mound  builders 
did  not  understand  the  principle  of  constructing  the  arch.  In 
no  instance  has  it  been  discovered  in  ancient  ruins  north  of 
Mexico.  The  nearest  approach  was  the  horizontal  or  overlap- 
ping arch.  As  the  great  mound  is  the  largest  and  most  impor- 
tant in  the  United  States,  it  may  be  interesting  to  describe  it 
briefly. 

This  huge  structure — the  largest  in  the  United  States —  ' 
stands  on  the  south  side  of  Cahokia  creek,  two  hundred  yards 
from  the  stream,  in  the  midst  of  an  extensive  and  most  re- 
markable group  of  mounds  of  various  size  and  shape.  It  was 
doubtless  originally  an  immense  tetragon,  supported  by  a  heavy 
terrace  on  the  south  and  west,  approached  by  a  talus.  The 
destructive  agencies  of  wind  and  water,  uprooting  of  trees  and 
modem  vandalism  have  much  defaced  this  vast  and  most  inter- 
esting work. 
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Its  present  dimensions  are:  north  base,  five  hundred  and 
sixty  feet ;  south  base,  seyen  hundred  and  twenty  feet ;  sum- 
mit, length,  three  hundred  and  ten  feet ;  breadth,  one  hundred 
and  forty-six  feet. 

The  north  side  is  much  the  most  precipitous.  The  terrace 
approaches  from  the  south  and  west,  and  is  in  depth  one  hun- 
dred and  twenty  feet.  The  talus  approaches  from  the  south,  is 
fifty-five  feet  broad  at  top,  one  hundred  and  twenty  feet  in 
length,  and  one  hundred  and  twenty-five  broad  at  base.  Per- 
pendicular height  of  mound,  as  nearly  as  can  be  ascertained, 
ninety-one  feet.  It  was  originally,  even  within  the  historic 
period,  considerably  higher.  The  base  covers  ne^ly  six  acres. 
The  solid  contents  have  been  roughly  estimated  at  twenty-five 
millions  cubic  feet.  The  Pyramid  of  Cheops  covers  nearly 
thirteen  acres. 

The  great  mound  was  originally  surmounted  by  a  conical 
mound  ten  feet  in  height.  This  peculiar  feature  characterizes 
one  of  the  square  elevations  west  of  the  great  tumulus.  Re- 
moval of  the  small  mound  revealed  numerous  interesting  relics 
—  human  bones,  stone  implements  and  weapons,  vases  of  un- 
bumt  earthen-ware,  etc.  These,  with  a  large  collection  of 
ancient  art  were  long  kept  by  Mr.  Hill,  former  proprietor  of 
the  mound. 

The  material  composing  this  imposing  work,  corresponds 
with  that  entering  into  the  smaller  mounds — vegetable  mould, 
clay  and  sand.  Wherever  cut  into,  and  numerous  excava- 
tions have  been  made  for  well,  cellar,  cistern,  ice-house,  etc., 
the  same  unfailing  features  are  present  —  a  heterogenous  mix- 
ture of  humus,  sand  and  clay,  as  would  occur  in  removing  the 
surface  of  lowlands  and  making  slight  excavations  into  the 
underlying  strata.  The  earthworks  of  the  West  have  been 
built  in  this  manner,  and  when  placed  on  or  near  alluvium, 
always  show  the  mottled  composition.  The  great  mound  at 
Grave  Creek,  Va.,  strikingly  illustrates  this  feature. 

The  former  proprietor  of  the  mound  under  consideration 
sunk  a  well  fh>m  the  steppe,  and  throughout  its  entire  course 
threw  out  broken  pottery,  firagments  of  flint,  etc.  At  twenty- 
five  feet,  charcoal  and  partly  burnt  wood  (paw-paw)  were  dis- 
covered.   At  the  horizon  of  the  surrounding  plain  he  passed 
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fhroQgh  a  distinct  line  of  dark  carbonacions  matter  which  was 
dearly  the  original  sward  upon  which  the  great  tumulns  had 
been  erected.  Precisely  similar  indications  were  noticed  by 
those  who  excavated  the  Grave  Creek  mound  and  which  can  be 
seen  at  this  day. 

It  may  be  remarked  that  water  was  not  struck  in  this  well 
aboTe  the  ordinary  level,  as  has  been  alleged  by  those  who 
would  disprove  the  artificial  character  of  the  mound. 

This  gigantic  tumulus  was  defended  by  four  elevated  squares 
placed. respectively,  one  on  the  east,  two  on  the  west,  and 
one  on  the  south-west.  They  vary  from  twenty  to  thirty  feet 
in  height,  and  from  two  hundred  and  fifty  to  three  hundred 
feet  square.  The  one  on  the  east  is  defended  by  a  mound  at 
the  south-west  comer,  and  one  of  those  on  the  west  is  sur- 
moonted  by  a  mound  similar  to  that  which  crowned  the  great 
tumolns. 
This  imposing  monument  is  popularly  known  as  ^'Monk 
I  Mound  ;**  a  decided  misnomer,  applied  because  a  family  of 

I  the  order  of  Trappists,  located  in  the  vicinity  in  the  early  part 

i  of  the  present  century.    They  did  not,  however,  occupy  the 

I  great  mound,  but  dwelt  upon  one  of  the  elevated  squares  im- 

nwdiately  west  of  the  larger  structure.  The  author  of  "  Views 
of  Louisiana'*  visited  these  rigid  religionists  about  1813,  and 
thus  refers  to  them :  "  They  at  present  occupy  four  or  five 
cabins  built  upon  an  Indian  mound  about  fifty  yards  [feet] 
high  and  one  hundred  and  fifty  feet  square"  ..."  The 
other  buildings,  cribs,  stables,  etc.,  ten  or  fifteen  in  number, 
»e  distributed  on  the  plain  below."  ..."  They  number 
about  eighty  persons.  It  is  about  a  year  since  they  fixed  up 
this  place.  They  had  a  kitchen  garden  on  the  apron  of  the 
great  mound."  The  Trappists  remained  on  the  American  Bot- 
tom nntil  1819,  when,  after  considerable  reduction  in  numbers 
by  death,  they  quitted  the  place  forever.  The  mound,  with 
four  hundred  and  twenty  acres  of  adjacent  land,  was  purchased 
hf  T.  Ames  HiU,  a  native  of  Massachusetts,  but  long  a  resi- 
dent of  Kentucky  and  St.  Louis.  He  moved  on  the  property 
in  1831  and  erected  a  cabin  upon  the  very  summit.  He  there 
lived  many  years,  died  and  lies  buried  at  the  north-west  comer 
of  the  great  tumulus.  From  his  widow,  who  still  survives  in 
88 
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yigorous  health  at  the  age  of  seventy-fiye,  I  have  derived  many 
interesting  facts.  She  resided  twenty-five  years  on  the  mound, 
and  now  lives  near  CoUinsviUe. 

Of  the  other  mounds  comprising  this  interesting  group  it 
will  be  impracticable,  in  view  of  the  space  already  occupied,  to 
more  particularly  describe  them.  Some  are  quite  remarkable 
for  size,  character  and  design ;  several  are  evidently  located  as 
defensive  works  to  the  great  mound.  The  whole  present  an 
admirable  system,  and  sensibly  impress  us  with  their  extent, 
grandeur  and  the  spirit  of  combined  power  which  influenced 
their  builders.  Nothing  but  a  diagram  can  properly  represent 
their  position,  connection  and  arrangement.  This,  I  regret, 
that  pressing  personal  engagements  will  prevent  my  preparing 
in  time  for  the  Association.  When  brought  under  the  instru- 
ment, instead  of  standing  without  relation,  they  are  found  per- 
fectly in  line,  or  in  position  to  each  other.  The  blufib  are  also 
found  lined  with  tumular  erections,  and  everywhere  show  they 
have  been  used  as  burial  places.  The  common  red  man  may 
have  availed  himself  of  these  commanding  points,  as  he  did  of 
the  mounds,  but  still  there  are  evidences  of  more  ancient 
occupancy.  Some  of  the  bluff  mounds  are  quite  remarkable. 
The  Sugar  Loaf,  in  Madison  county,  stands  perfectly  isolated 
upon  the  verge  of  an  elevated  plateau,  commanding  from  its 
lofty  smmnit  a  view  of  perhaps  forty  miles.  This  structure  is 
a  sharp  cone,  over  forty  feet  in  height,  at  an  angle  of  nearly 
sixty  degrees.  A  similar  work,  bearing  the  same  name,  looms 
up  upon  the  bluff  in  Monroe  county.  Between  these  distant 
points  a  great  number  of  other  mounds  occur,  some  quite  high, 
and  generally  commanding  extensive  views.  Truly,  we  are  in 
the  midst  of  a  grand  system  of  prehistoric  remains  I 

I  have  said  that  the  mounds  were  intended  primarily  as  a 
place  of  sepulture;  but  it  must  not  be  understood  that  all 
mounds  were  so  used,  or  that  they  were  places  of  general 
burial.  They  were  memorials  to  important  personages,  and 
often,  doubtless,  family  sepulchralia.  Western  tumuli  may  be 
classified  as  mounds  of  sepulture^  mounds  of  defencey  and 
mounds  of  observation^  besides  those  of  a  miscellaneous  charac- 
ter. All  were  frequently  used  for  burial.  Mounds  also  served 
a  double  and  triple  purpose.    The  masses  were  not  buried  in 


^ 
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moonds.  The  bluffs  and  lowlands  in  the  yicinily  of  the  tumnli 
show  extensive  cemeteries.  In  the  Yieinity  of  the  great 
moond,  human  remains,  pottery,  implements,  etc.,  are  dug  up 
ahnost  everywhere,  at  the  depth  of  two  to  four  feet. 

Burial  was  practiced  by  the  early  nations  on  the  Mississippi 
in  at  least  three  different  modes ;  inhumcUiouj  by  placing  the 
body  extended  at  length  in  a  dst,  either  stone-lined  or  plain ; 
inhumationj  by  placing  the  body  erect,  or  in  a  sitting  posture ; 
and  cremation,  or  burning  the  body  and  placing  the  ashes  and 
carbonized  bones  in  an  urn.  Farts  of  large  vessels,  which, 
fix>m  their  position  and  other  circumstances,  were  clearly 
fimereal  or  cinerary  urns,  have  been  discovered  in  the  course 
of  these  explorations.  I  hope  yet  to  discover  entire  urns  in 
the  progress  of  these  researches.  These  modes  of  burial  were 
observed  alike  in  the  mounds  and  elsewhere. 

Minor  remains  of  ancient  art  constitute  an  instructive  fea- 
ture m  these  explorations.  I  have  a  large  number  of  speci- 
mens, collected  from  mounds  and  other  ancient  depositories, 
or  from  the  vicinity  of  them.  These  represent  the  stone  age, 
as  Scandinavian  archteologists  divide  the  progress  of  human 
labor.  Metallic  remains  have  not  as  yet  been  discovered  in 
the  mounds  of  the  American  Bottom.  Copper,  in  its  native 
state,  was  the  only  metal  known  to  the  mound  era. 

The  builders  of  the  works  under  consideration  had  attained 
great  excellence  in  working  stone.  Some  of  the  specimens 
obtained  are  of  exquisite  workmanship  and  faultless  design. 
It  is  marvellous  how,  with  their  rude  tools,  they  could  have 
Ikbricated  these  fine  specimens.  The  chisels  and  heavier 
implements,  of  which  I  have  discovered  some  quite  anomalous, 
are  of  granite,  hornblende,  nephrite,  and  other  varieties  of  the 
hardest  amphibolic  rock.  The  arrowheads  and  spearpoints, 
knives,  fleshing  instruments,  etc.,  are  of  quartz  of  almost 
every  style,  from  the  dull  black  of  the  common  chert  through 
all  the  gradations,  up  to  the  most  beauti&il  opalescence  of  the 
chalcedonic  varieties. 

One  type  of  these  implements  is  most  remarkable.  These 
are  agricuUuraly  proving  beyond  doubt  that  the  people  who 
used  them  tilled  the  soil.  Two  distinct  styles  prevail ;  one 
long,  like  the  blade  of  a  spade,  and  the  other  identically 
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our  modem  hoe,  the  eye  being  sabstituted  by  a  doable  notch. 
These  vary  in  size,  the  longer  from  six  to  fifteen  inches,  and 
four  or  five  inches  broad;  the  other  about  the  diameter  of 
an  ordinary  garden  hoe.  These  implements  show  usage,  the 
parts  entering  the  soil  being  highly  polished,  such  as  nothing 
would  so  readily  effect  as  attrition  in  sand  and  loam.  These 
implements  are  quite  anomalous ;  nothing  of  the  kind  having 
been  discovered  in  the  Ohio  valley,  or,  so  far  as  I  am  aware, 
east  of  the  Mississippi,  or  in  Europe. 

A  variety  of  other  flint  implements  have  been  discovered, 
unlike  any  heretofore  found.  Also,  a  large  granite  implement 
which  may  have  served  for  dressing  hides  or  crushing  com. 
I  notice,  however,  a  total  absence  of  steatite  and  serpentine 
ornaments  and  amulets,  so  common  in  Ohio  valley  mounds. 
The  implements,  ornaments  and  weapons  in  stone,  indicate 
two  classes  —  one  representing  the  paloBolUhic^  or  undressed 
stone  age !  the  other,  the  neolithic  or  polished  stone  age  of  Sir 
John  Lubbock. 

The  fictilia  from  this  important  antiquarian  field  is  varied 
and  extensive.  Vast  quantities  have  been  ploughed  up  and 
otherwise  developed  since  the  first  settlement  of  the  valley, 
but,  sharing  the  common  fate  of  such  accidental  discoveries, 
have  not  been  preserved. 

The  ancient  potter  in  the  valley  of  the  Mississippi  was  but 
little  inferior  to  his  brother  of  the  plastic  art  in  the  valley  of 
the  Nile.  The  wheel  was  not  in  use ;  the  ware  was  all  hand- 
made, and  sun-dried,  or  indifferently  baked.  Two  or  more 
varieties  of  manufacture  have  been  discovered.  The  material 
is  a  breccia  of  clay  and  pouhded  muscle-shell ;  but,  in  some 
instances,  the  shell  has  been  substituted  by  small  rhomboidal 
fragments  of  white  spathic  carbonate  of  lime.  The  ware  is  of 
irregular  thickness,  but  exhibits  much  tenacity,  and  is  capable 
of  resisting  irregular  dilatation  or  excessive  shrinkage.  The 
ornamentation  is  plain,  neat,  sometimes  tasteAil,  but  generally 
rude,  consisting  of  lines,  dots,  chevrons  and  zigzag  patterns. 

The  vessels  are  urns,  vases,  cups,  dishes,  etc.  The  handles 
of  some  are  tastefhlly  made  in  imitation  of  the  wolf,  fox,  etc. 
A  farmer  residing  near  the  Great  Mound,  excavating  for  an 
ice-house  in  a  mound,  threw  out  over  a  dozen  handsome 
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vessels,  mostly  ornamented  with  the  animal-Bhaped  handles. 
Many  of  the  monnds  contain  vessels  of  the  style  alluded  to. 
Some  of  these  vessels  doubtless,  contained  viands  for  the  suste- 
nance of  the  departed ;  while  others  were  tributes  to  the  worth 
of  the  lost,  as  was  customary  with  many  semi-barbaric  people. 
It  is  a  fact  worthy  of  mention  in  this  connection  that  the  oldest 
specimens  of  British  pottery  are  principally  flinereals  found  in 
the  tombs  of  the  ancient  Britains  —  their  barrows  and  cairns. 
Some  of  the  finer  specimens  discovered  in  the  progress  of  these 
explorations,  show  a  polishing  or  glazing,  leaving  minute  strise, 
as  if  done  with  a  tuft  of  grass  dipped  into  a  barbotti.  Other 
specimens  exhibit  handsome  and  bright  coloring. 

Without  advancing  a  theory  as  to  the  origin  of  these  mounds, 
or  whether  the  buUders  were  contemporary  with  those  who 
erected  the  earthworks  in  Ohio  and  to  the  south-west,  I  will 
simply  remark,  that  in  all  probability,  diverse  peoples  occupied 
these  valleys,  and  probably  these  very  monuments,  in  pre- 
historic times.  We  have  the  positive  evidence  of  at  least  three 
distinct  peoples  using  and  burying  in  some  of  these  iQOunds : 
the  actual  builders,  the  Indians  and  the  white  man.  One  of 
the  elliptical  mounds  in  East  St.  Louis  is  covered  with  graves 
of  the  early  white  settlers.  In  some  British  barrows,  the  Pict, 
the  Roman  and  the  Saxon  lie  entombed  in  their  relative  posi- 
tions. In  the  mound  just  alluded  to,  which  is  to  be  removed 
during  the  present  month,  the  interesting  archseological  fact 
will  be  exhibited,  of  three  distinct  classes  of  interment  in  the 
same  tumiUus. 

It  was  intended  to  describe  more  fhlly  the  process  of  explor- 
ing these  ancient^  mounds ;  the  modes  of  construction ;  the 
character  of  their  contents  and  other  peculiarities ;  also  to 
notice  the  fauna  of  the  mound  period,  as  shown  by  the  mounds 
and  ancient  localities,  but  the  time  allotted  to  tMs  paper  obliges 
me  to  defer  these  and  additional  particulars. 

These  researches  afford  us  a  vivid  picture  of  the  habits, 
customs,  social  and  artistic  advancement  of  the  prehistoric 
peoples  who  occupied  the  broad  valleys  and  fertile  plains  of 
the  West.  The  great  camivora  had  not  yet  disappeared  fh)m 
the  valley  of  the  Mississippi,  and  the  huge  extinct  pachyderms 
wa*e  sufficiently  familiar  to  the  Aboriginal  artist  to  be  faith- 
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fully  depicted.  These  people  subsisted  on  game,  fish,  fruits 
and  maize. 

Were  they  one  or  many?  Autochthones,  or  immigrants?  Aa 
crania  constitute  the  truest  indication  of  race,  it  is  possible 
thqse  researches  may  determine  this  interesting  question  of  the 
early  races  at  the  West. 

That  more  than  one  dwelt  here,  previous  to  the  red  man, 
who  can  doubt?  How  many  times  this  great  valley  and  the 
entire  continent  has  been  inhabited  and  re-peopled,  previous  to 
the  present,  who  can  even  remotely  conjecture?  The  mounds 
and  vestiges  of  ancient  art,  clearly  indicate  different  peoples, 
either  cotemporaneously,  or  at  separate  epochs  before  the  dawn 
of  history. 

We  have  not  reached  that  advance  in  science  attained  by 
the  anthropologists  of  Great  Britain,  who  pronounce  the  charac- 
ter of  crania  from  the  form  of  the  tumuli  in  which  they  occur. 

These  researches  have  not  yet  determined  the  interesting 
anthropological  fact,  if  a  fact  it  is,  that  long  mounds  contain 
long  or  dolichocephalic  skulls ;  and  round  or  conical  mounds, 
cover  a  round-headed,  or  brachycephalic  race. 

There  are,  in  the  extensive  and  interesting  groups  on  the 
American  Bottom,  fine  specimens  of  these  separate  types,  but 
it  is  scarcely  probable  exploration  will  develope  the  peculiari- 
ties alluded  to. 

It  is  proposed  to  prosecute  these  researches  with  energy, 
during  the  present  season,  embracing  the  entire  valley,  or,  so 
much  of  it  as  is  known  as  the  American  Bottom.  They  prom- 
ise the  most  valuable  results  to  science.  There  are  a  number 
of  mounds  in  each  group,  of  suflftcient  importance  to  demand 
carefhl  and  thorough  exploration.  The  great  tumulus  of  the 
series,  or  Monk  Mound,  should  be  carefhlly  excavated.  But 
this  would  require  time,  patience,  and  considerable  means. 
Permission  has  been  obtained  to  make  the  exploration,  but  the 
work  is  too  heavy  for  individual  enterprise.  Cannot  some 
measures  be  adopted  by  the  American  Scientific  Association 
for  thoroughly  prosecuting  these  researches?  The  matter  is 
submitted  to  the  wisdom  and  Judgment  of  the  members. 


B.  NATURAL   HISTORY.  303 

3.  Report  on  Abch^ologt  and  Ethnology.    By  W.  DeHass, 
of  St.  Liouis. 

The  Chairman  of  a  Special  Committee  on  American  Archae- 
ology and  Ethnology,  appointed  at  the  Baltimore  meeting, 
having  been  preyented  by  the  war,  and  other  circumstances, 
firom  presenting  the  result  of  the  Committees'  operation,  begs 
leave,  respectfully,  to  submit  the  following  Report. 

The  Committee  from  the  first  labored  under  many  disad- 
vantages, and  serious  embarrassment,  for  want  of  funds.  The 
anticipated  aid  from  the  Government  and  Societies  having 
failed,  the  Committee  alone  relied  upon  private  liberality  for 
means  to  prosecute  the  work  committed  to  their  charge.  A 
comparatively  small  fhnd  having  been  realized  from  private 
sources,  the  system  of  research  which  had  been  adopted  was 
prosecuted  with  industry  and  success.  The  work  principally 
devolved  upon  the  chairman ;  he  laboring  without  remuneration, 
and  most  of  the  time  at  his  own  expense.  Notwithstanding 
these  discouragements  much  has  been  accomplished.  Some  of 
the  most  interesting  localities  in  the  United  States  have  been 
visited;  thousands  of  earthworks,  mounds,  circumvallations, 
etc.,  examined;  specimens  of  ancient  art  and  industry  col- 
lected ;  numerous  mounds  excavated ;  extensive  groups  meas- 
ured, mapped  and  described.  The  result  of  researches  thus  far 
prosecuted  have  been  altogether  satisfactory. 

The  Committees'  functions  having  been  suspended  during 
the  war,  their  Chairman  can  only  report  up  to  that  period. 

Had  the  Committee  not  been  constantly  embarrassed  for 
fhnds,  most  valuable  and  important  results  would  have  been 
secured  to  science.  Even  under  these  disadvantages,  it  is 
believed  more  has  been  accomplished  than  all  previous  efforts 
to  develop  the  ArchaBology  of  the  United  States. 

The  Chairman  would  respectfully  represent  the  rising  im- 
portance of  American  Archseology.  Its  progress  is  onward, 
and  it  is  due  to  the  cause  of  science  that  some  active  and 
energetic  measures  be  taken  to  promote  research  among  pre- 
historic monuments  in  our  midst. 

Whilst  the  enlightened  Governments  of  Europe  are  zealous 
and  active  in  efforts  to  trace  out  the  beginning,  progress,  and 
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primordial  life  of  man,  to  develop  his  remains  of  art,  what 
are  we  doing?  In  Paris,  there  is  a  well  organized  society 
devoted  to  the  investigation  of  American  Archceology.  It  is 
discreditable  to  our  intelligence  as  a  cultivated  people,  that  so 
little  attention  is  given  this  important  branch  of  scientific 
inquiry. 

The  chairman  would  respectfhlly  suggest  that  some  de- 
cided action  be  taken  by  the  Association  for  promoting  inquiry 
and  research.  That  the  flinctions  of  the  old  Ck>mmittee  be 
either  revived,  or  a  new  Committee  appointed.  He  is  ready 
and  willing  to  cooperate  in  any  way  that  may  be  desired. 

He  would  specially  recommend  that  measures  be  adopted  for 
securing  a  National  Museiun  for  American  Antiquities.  To 
effect  this  he  is  willing  to  make  large  contributions.  He  is 
also  willing  to  devote  a  portion  of  his  time  towards  prosecuting 
scientific  research. 

He  would  farther  urge  another  suggestion ;  that  much  might 
be  effected  by  popularizing  the  subject  of  American  Archae- 
ology through  public  lectures.  Those  competent  to  the  work 
should  be  selected  to  perform  it. 

A  vast  field  is  open  to  energy  and  enterprise,  and  it  is  hoped 
that  the  importance  of  the  subject  will  not  be  overlooked  by 
the  friends  of  science  assembled  at  Chicago. 

These  views  and  suggestions  are  respectfully  submitted. 


4.    The    New  Arctic   Continent,  or  Wrangell's    Land, 

DISCOVERED    AUQUST    14,  1867,   BT    CaPTAIN    LoNG,    OF    THE 

American  Ship  Nile,  and  seen  bt  Captains  Raynor, 
Bliven  and  others,  with  a  brief  notice  OF  Baron 
Wrangell's  Explorations  in  1823.  By  William  W. 
Wheildon,  of  Chai'lestown,  Massachusetts. 

In  December,  1867,  considerable  interest  was  excited  through 
the  country  by  the  announcement  by  telegraph  from  San  Fran- 
cisco, of  the  discovery  of  a  "  New  Continent  in  the  Arctic 
Regions,"  which  had  received  from  the  discoverer  the  appro- 
priate name  of  '^  Wrangell's  Land,"  after  the  distinguished 
Russian  explorer.    The  discovery  was  said  to  have  been  made 
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by  one  of  the  whale  ships  visiting  the  Arctic  Regions  through 
Behring  Strait,  which  had  just  returned  to  the  Sandwich 
Islands.  It  was  also  stated  that  the  season  had  heen  remark- 
ably mild — one  of  the  most  temperate  ever  known — and  that 
one  of  the  whale  ships  had  heen  ahle  to  penetrate  as  far  north 
as  latitude  83°  S(y,  The  announcement  that  land  had  been 
discovered  in  the  region  indicated  seemed  probable,  but  the 
statement  of  the  latitude  reached — never  having  before  been 
attained  in  any  part  of  the  Arctic  regions — was  received  with 
some  incredulity ;  in  addition  to  which  there  was  evidently  an 
error  in  the  statement  of  the  longitude  as  received  by  the  tele- 
graph. To  those  who  were  acquainted  with  the  geography  of 
the  region  indicated,  hardly  any  reported  discovery  of  land 
would  have  been  incredible,  so  uncertain  and  imperfect  was  the 
faiowledge  of  it ;  but  it  might  have  been  considered,  as  in  the 
present  case,  a  rediscovery,  or  perhaps  a  simple  confirmation 
of  a  general  belief. 

When  the  printed  accounts  reached  us  fh)m  the  Sandwich 
Islands,  it  appeared  that  the  land  reported  was  first  seen  by 
Captam  Long,  of  the  American  whale  ship  Nile^  of  New  Lon- 
don, on  the  14th  of  August,  1867,  in  clear  weather.    The  west 
pomt,  which  he  named  '^  Cape  Thomas"  (after  the  seaman  who 
first  reported  the  land),  was  in  latitude  TO""  46^  longitude  178"" 
3(y  £.    On  the  morning  of  the  15th,  the  ship  at  9  o'clock,  was 
eighteen  miles  distant  from  its  western  point.     ''The  lower 
parts  of  the  land,"  reports  Captain  Long,  "were  entirely  free 
from  snow  and  had  a  green  appearance  as  if  covered  with 
vegetation.    There  was  broken  ice  between  the  ship  and  land, 
hut  as  there  were  no  indications  of  whales  I  did  not  feel  justi- 
fied in  endeavoring  to  work  through  it  and  reach  the  shore, 
which  I  think  could  have  been  done  without  much  danger." 

Captain  Long  sailed  to  the  eastward,  along  the  land,  during 
the  15th  and  16th,  and  in  some  places  approached  it  as  near  as 
fifteen  miles.  "On  the  16th  the  weather  was  very  clear^  and 
pleasant,  and  we  had  a  good  view  of  the  nuddle  and  eastern 
portions  of  the  land.  Near  the  centre,  or  about  in  the  longi- 
tude of  180°,  there  is  a  mountain  which  has  the  appearance  of 
an  extinct  volcano.  By  approximate  measurement  I  found  it 
to  be  2480  feet  high." 
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Captain  Long  says  he  had  excellent  observations  on  the 
16th,  and  the  south-eastern  cape  which  he  named  Cape  Hawaii, 
he  found  to  be  in  latitude  70^  iP'  north,  and  longitude  178^  51' 
W.  He  adds,  "  it  is  impossible  to  tell  how  far  this  land  ex- 
tends northward,  but  as  far  as  the  eye  could  reach  we  could 
see  ranges  of  mountains  until  they  were  lost  in  the  distance." 
Captain  Bliven,  of  the  whale  ship  Nautilus^  said  he  saw  the 
land  north-west  of  Herald  Island,  as  far  north  as  latitude  72**. 

Captain  Raynor,  of  whale  ship  Reindeer^  in  a  letter  of  No- 
vember 1st,  1867,  to  the  editor  of  the  "Pacific  Commercial 
Advertiser,"  gives  an  account  of  this  land,  "lying  in  the  midst 
of  the  Arctic  Ocean,  hitherto  but  little  known."  He  says, 
"this  land  has  hitherto  been  considered  to  be  two  islands,  one 
of  which  is  marked  on  the  English  maps  as  Plover  Island, 
which  is  laid  down  to  the  W.  S.  W.  of  Herald  Island.  The 
other  is  simply  marked  *  extensive  land  with  high  peaks.'  On 
my  last  cruise  [the  one  just  terminated]  I  sailed  along  the  south 
and  east  side  of  this  island  for  a  considerable  distance,  three 
different  times,  and  once  cruised  along  the  entire  shore,  and  by 
what  I  considered  reliable  observations,  made  the  extreme 
south-west  cape  to  lie  in  north  latitude  70°  50'  and  east  longi- 
tude 178"*  15'.  The  south-east  cape  I  found  to  lie  in  north  lati- 
tude 7r  10',  and  west  longitude  176**  40'.  The  south  coast 
appears  to  be  nearly  straight,  with  high  rugged  cliffs  and  en- 
tirely barren.  The  north-east  coast  I  have  not  examined  to 
any  extent,  but  it  appears  to  run  from  the  south-east  cape  in  a 
north-westerly  direction  for  about  fifteen  or  twenty  miles  and 
then  turns  to  the  north  and  north-east.  I  learned  from  Captain 
Bliven  that  he  traced  it  much  farther  north,  and  has  seen  others 
who  traced  it  to  north  of  latitude  72**.  I  think  there  is  no 
doubt  that  it  extends  much  farther  to  the  north,  and  that  there 
is  another  island  lying  to  the  east  of  it,  say  in  longitude  170** 
west,  and  to  the  north-east  of  Point  Barrow,  with  a  passage 
between  it  and  the  land  I  have  just  described.  ...  I 
would  add  that  the  south-west  cape  of  this  island  described 
above,  lies  seventy-five  miles  distant  from  the  Asiatic  or  Sibe- 
rian coast." 

According  to  Captain  Long's  observations  it  will  be  seen 
that  the  extent  of  the  discovered  land  from  east  to  west,  is  2** 
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39'  of  longitude,  equal  to  about  fifty  geographical  miles ;  but 
according  to  Captain  Eaynor's  observations  its  extent  is  equal 
to  5°  5'-  of  longitude,  or  nearly  one  hundred  and  three  geo- 
graphical miles,  or  about  one  hundred  and  twenty  statute 
miles.  So  also  if  the  statement  of  Captain  Bliven  is  to^  be 
received  (and  there  appears  to  be  no  reason  why  it  should  not 
be  received)  the  extent  of  the  land  from  the  south-east  cape 
(Cape  Hawaii,  of  Captain  Long)  to  the  north  as  far  as  re- 
ported by  Captain  Bliven  and  others,  must  be  at  least  one 
hundred  miles  and  probably  more. 

The  season  of  1867,  is  reported  as  already  stated,  to  have 
been  remarkably  mild.  Captain  G.  H.  Soule,  of  whale  ship 
St.  George^  says  "this  season  is  the  most  remarkable  ever 
knovm  by  the  whalemen  for  the  scarcity  of  ice  and  the  good 
weather  prevailing  during  the  first  and  middle  parts  of  the 
season.  Otoken^  a  very  intelligent  native  of  Indian  Point, 
told  me  they  had  two  months  south  wind  last  winter  [1866], 
which  I  think  accounts  for  the  openness  of  the  season."  Other 
captains  report  "  whales  very  scarce."  Captain  J.  B.  Winslow, 
of  the  bark  Tammerlaney  says  the  weather  was  fine  in  August 
and  September;  whales  scarce;  took  seven;  of  the  thiid 
whale  he  took  he  speaks  as  follows :  "The  third  whale  we  took 
was  a  stunner,  and  deserves  special  mention.  It  was  the  big- 
gest whale,  by  at  least  one  quarter,  that  I  ever  saw  alongside  a 
ship.  My  third  mate  kept  a  tally  of  what  turned  out  at  the 
cooler,  and  it  yielded  three  hundred  and  ten  barrels  and  nineteen 
gallons.  It  was  not  so  Tat  as  some  we  caught.  I  have  taken 
whales  that  made  two  hundred  and  fifty  barrels  of  oil,  but 
never  before  saw  one  that  would  compare  in  size  with  this.  I 
think  it  must  have  been  one  of  the  original  whales  that  Noah 
had  charge  of,  which  has  been  growing  ever  since."  * 

•In  regard  to  the  reported  Bcarcity  of  whales,  the  foUowing  statement  will 
show  how  the  matter  stood  in  1867,  as  compared  with  the  preyions  yean : 

The  number  of  vessels  refitting  at  the  Sandwich  Islands  in  1867|  was      76 

Haying  sperm  oil  in  barrels, 1940 

"       whale  •*««««' 62060 

Averaging  to  each  vessel,  in  barrels, 720 

Total  amount  of  whale-bone,     ........         11813  lbs. 

Number  of  yessels  in  1866, 76 

Average  nnmber  of  barrels  to  each, 680 

Total  amount  of  whale-bone, 10980  lbs. 

Showing  an  excess  of  forty  barrels  of  oil  to  each  vessel,  in  1867  over  1866,  and 
an  excess  of  whale-bone. 
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Baron  Wrangdl,  in  his  explorations  along  the  coast  of  Si- 
beria, in  March,  1828,  was  visited  in  camp  by  a  Tschuktschi 
chief,  whom  he  represents  as  '*  a  very  civilized  person  in  his 
way,"  and  who  drew  for  him  with  a  piece  of  burned  wood,  an 
outline  of  the  coast  in  the  neighborhood  of  Cape  SchelagSkoi. 
"He  farther  assured  us,"  says  Baron  WrangeU,  "in  the  most 
positive  manner,  that  there  was  no  other  island  along  the  coast. 
When  I  asked  him  whether  there  was  any  other  land  to  the 
north  beyond  the  visible  horizon,  he  seemed  to  reflect  a  little, 
and  then  said  that  between  Cape  Schelagskoi  and  Cape  North, 
there  was  a  part  of  the  coast  where,  from  some  cliffs  near  the 
mouth  of  a  river,  one  might  in  a  clear  summer's  day  descry 
snow-covered  mountains  at  a  great  distance  to  the  north,  but 
that  in  winter  it  was  impossible  to  see  so  far.  He  said  that 
formerly  herds  of  reindeer  sometimes  came  across  the  ice  of 
the  sea,  probably  from  thence,  but  that  they  had  been  fright- 
ened back  by  hunters  and  by  wolves ;  that  he  had  himself  once 
seen  a  herd  returning  to  the  north  in  this  way,  in  the  month  of 
April,  and  that  he  had  followed  them  in  a  sledge  drawn  by  two 
reindeer  for  a  whole  day,  until  the  rugged  surface  of  the  ice 
forced  him  to  desist.  His  opinion  was  that  these  distant 
mountains  were  not  an  island,  but  an  extensive  land  similar  to 
his  own  country.  He  had  been  told  by  his  father  that  a 
Tschuktschi  elder  had  once  gone  there  with  a  few  followers,  in 
large  baidarsy  or  boats  made  of  skins,  but  what  they  found 
there,  or  whether  they  ever  returned,  he  did  not  know.  Still 
he  maintained  that  the  distant  northern  land  was  inhabited, 
and  adduced  as  a  proof  of  it  that  some  years  ago  a  dead  whale 
had  been  found  at  Arautan  Island  [on  the  coast  near  by], 
pierced  by  spears  pointed  with  slate  ;*  and  as  the  Tschuktschi 
do  not  use  such  weapons,  he  supposed  that  the  whale  must 
have  been  wounded  by  the  inhabitants  of  the  northern  land." 
Baron  Wrangell's  position  when  he  received  this  information 
was  in  latitude  70^  3'  and  longitude  171°  3'  East. 

A  few  days  after  this.  Baron  WrangeU  started  with  sledges 
over  the  ice,  with  a  view  to  reach  or  discover  this  northern 
land.  FolloYring  along  the  coast  for  a  day  or  two,  on  the  13th 
of  March,  he  left  the  shore  and  proceeded  in  a  N.  N.  E.  dtrec- 

*The  people  of  the  Aleuttan  Islands  use  similar  spear  heads  it  is  stated. 
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tion.  With  the  usual  difficulties  of  cold,  wind,  storm  and  ice- 
hummocks,  he  continued  on  until  the  23d,  about  ten  days, 
haying  sent  his  sledges  back  excepting  two.  According  to  his 
reckoning  he  reached  latitude  70**  51',  longitude  175**  27'.  His 
distance  from  the  coast  was  one  hundred  and  five  wersts  or  a 
little  more  than  sixty  geographical  miles.  At  the  extreme 
point  of  his  journey,  Baron  Wrangell  says,  "  we  climbed  one 
of  the  loftiest  ice-hills,  affording  an  extensive  view  towards  the 
north,  and  from  thence  we  beheld  the  wide  immeasurable 
ocean  spread  out  before  our  gaze.  It  was  a  fearful  and  mag- 
nificent spectacle.  Fragments  of  ice  of  enormous  size  were 
floating  on  the  surface  of  the  agitated  ocean,  and  were  dashed 
by  the  waves  with  awM  violence  against  the  edge  of  the  field 
on  the  farther  side  of  the  channel  before  us.  .  .  .  With 
a  painfol  feeling  of  the  impossibility  of  overcomiug  the  obsta- 
cles which  nature  opposed  to  us,  our  last  hope  now  vanished  of 
discovering  the  land  which  we  still  believed  to  exist ;  and  we 
saw  ourselves  compelled  to  renounce  the  object  for  which  we 
had  striven  through  three  years  of  hardship,  toil  and  danger. 
We  had  done,  however,  all  that  duty  and  honor  demanded ; 
and  any  farther  attempts  being  totally  hopeless,  I  determined 
to  return."  At  this  time  being  in  latitude  70°  51',  longitude 
175®  27'  E.,  Baron  Wrangell  was  less  than  sixty  miles  from 
the  westerly  point  of  the  discovered  land  as  reported  by  Cap- 
tain Raynor. 

A  few  days  later,  early  in  April,  1828,  Dr.  Kyber,  companion 
of  Baron  Wrangell,  became  acquainted  with  some  Indian 
chiefs,  who  spoke  much  of  a  '*  more  northern  land,  the  lofty 
mountains  of  which  were  visible  on  very  clear  days  from  a 
place  which  they  called  Jakan,  and  which  they  described  with 
tolerable  minuteness."  On  the  8th  of  the  same  month  Cape 
Jakan  was  reached  and  found  to  be  in  latitude  69°  42',  longi- 
tude 176°  23'  E.,  by  reckoning  from  the  previous  day.  "We 
gazed  long  and  earnestly  on  the  horizon,  in  hopes,  as  the  at- 
mosphere was  clear,  of  discerning  some  appearance  of  the 
northern  land  which  the  Tschuktschi  affirm  that  they  have  seen 
from  this  place,  but  we  could  discover  nothing  of  it."  Subse- 
quently M.  Matiuschkin  made  another  attempt,  with  the  con- 
sent of  Baron  Wrangell,  to  reach  the  northern  land  over  the 
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ice,  with  three  sledges  and  provisions  for  fifteen  days.  He 
started  from  the  shore  in  latitude  69°  28',  longitude  177"*  44'  E., 
on  the  9th  of  April,  but  succeeded  only  in  getting  about  six- 
teen wersts  or  about  eleven  miles  from  the  coast,  on  accoimt  of 
the  breaking  up  of  the  ice  and  the  many  open  spaces. 

Captain  Kellett,  of  H.  B.  M.  ship  HeraM,  in  July,  1849, 
having  passed  through  Behring  Strait  and  standing  along 
the  margin  of  the  ice,  discovered  a  group  of  islands  in  latitude 
71°  20',  longitude  175°  16'  W.,  one  of  which  he  landed  upon 
and  named  Herald  island.  Another  island  which  he  reported 
has  not  since  been  seen.  Captain  Raynor,  it  will  be  seen,  re- 
ports another  island  to  the  eastward  of  Herald  Island,  in  lati- 
tude 70°  W.  N.  W.  from  Point  Barrow.  The  Russian  navi- 
gator, Sergeant  Andreyer,  it  is  stated,  reached  some  land  off 
the  coast  of  Asia,  in  1762,  which  he  reported  to  be  inhabited 
by  a  people  named  Kraihai*. 

SUMMARY. 

1.  Captain  Long's  positions,  1867, 

West  Point,  Cape  Thomas,         Latitude  70®  46', 

Longitude  178<>  30'  E. 

South-east  Point,  Cape  Hawaii,  Latitude  70«*  iO', 

Longitude  178°  61'  W. 

2.  Captain  Raynor's  positions,  1867, 

Extreme  south-west  Cape,  Latitude  70°  50', 

Longitude  178°  16'  E. 

South-east  Cape,  Latitude  71°  10', 

Longitude  176°  40'  W. 

3.  Captain  Bllvcn  and  others  traced  the 

coast  northward  to  Latitude  72°. 

i.  Baron  Wrangell's  farthest,  in  1823, 

over  the  ice,  Latitude  70°  61', 


and  did  not  see  the  land. 


Longitude  176°  27  E. 


5.  Captain  Kellett's  position,  1849,  Latitude  71°  20', 

Longitude  176°  16'  W. 

Since  the  preceding  pages  were  Mrritten,  a  new  edition  of  the 
map  entitled  ^^  Behring  Sea  and  Arctic  Ocean,  from  surveys 
of  the  U.  S.  North  Pacific  Surveying  Expedition,  in  1855,  by 
Conmiander  John  Bodgers,  U.  S.  N.  commanding,  and  from 
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Eassian  and  English  authorities,"  has  been  issued  from  the 
" Hydrographic  Office,  U.  S.  Navy,"  with  "additions  to  July, 
1868."  The  land  seen  and  named  by  Capt.  Long,  is  laid  down 
upon  the  map  in  accordance  with  his  statements  ;  and  a  draw- 
ing is  also  given  of  the  land,  with  its  elevated  points,  probably 
from  a  sketch  made  by  Capt.  Long.  "  Wrangell's  Land,"  we 
may  here  remark,  falls  about  ten  degrees  westerly  of  the  pres- 
ent boundary  of  the  United  States  in  the  latitude  of  70°. 

The  new  boundary  of  the  United  States  passes  through  the 
middle  of  Behring  Strait,  between  the  Diomede  Islands,  one 
degree  south  of  the  Arctic  Circle,  leaving  Ratmanov  Island  on 
the  Russian  side  and  Kreusenstem  Island  on  the  American  side. 
From  this  point  it  reaches  towards  the  North  Pole  on  the 
meridianal  line  of  168**  50'  west  longitude  from  Greenwich. 
From  the  Diomede  Islands  it  runs  in  a  nearly  south-west  direc- 
tion in  the  North  Pacific  Ocean,  to  latitude  SO**,  in  longitude 
about  168°  east.  So  that,  at  the  present  time,  the  territory  of 
the  United  States  extends  in  an  east  and  west  direction  from 
longitude  67°  west  (at  Eastport,  Maine),  to  longitude  168° 
east  in  the  North  Pacific  Ocean  (beyond  the  most  westerly 
island  of  the  Aleutian  Group),  equal  to  125°  of  longitude, 
which  on  the  parallel  of  45°  north  latitude  would  be  equal  to 
about  five  thousand  three  hundred  and  three  geographical 
miles,  or  six  thousand  one  hundred  and  eighty-seven  statute 
miles.  The  position  at  the  mouth  of  Columbia  River  is  nearly 
in  the  middle  of  this  line  and  the  central  point  east  and  west 
of  the  United  States  territory,  it  being  about  the  same  distance 
from  Eastport  to  the  mouth  of  Columbia  River  that  it  is  from 
the  Columbia  River  to  the  most  western  extremity  of  the 
Aleutian  Islands. 

Although  the  newly  discovered  land  does  not  fall  within  the 
enlarged  limits  of  the  United  States,  the  honor  of  the  dis- 
covery of  it  belongs  to  our  countrymen ;  and  the  act  of  Captain 
Long  in  giving  the  name  of  Baron  Wrangell  to  it,  although  it 
was  never  seen  by  him,  is  a  well-deserved  compliment  to  that 
intelligent  and  indefatigable  explorer  and  to  his  countiy.  The 
propriety  of  the  name  is  generally  admitted,  and  it  has  been 
promptly,  in  the  first  instance,  adopted  by  our  government  in 
its  first  official  publication — the  map  above  mentioned — and 
it  will  no  doubt  be  universally  accepted. 
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5.  The  Habitable  Features  op  the  North  American  Con- 
tinental Plateau,  near  the  Line  op  the  Thirty-fifth 
Parallel  of  North  Latitude.  By  C.  C.  Pany,  M.  D., 
of  Davenport,  Iowa. 

The  recent  rapid  progress  of  settlement  in  the  elevated  in- 
terior district,  properly  characterized  as  the  great  Western 
plateau  of  the  North  American  continent,  is  suggestive  of 
some  general  principles  of  civilized  development  which  may  aid 
us  in  estimating  future  progress  in  particular  portions  of  this 
district,  especially  favored  by  their  peculiar  location,  climate, 
or  natural  products,  as  inviting  and  retaining  a  permanent 
population. 

The  aboriginal  population  offers  the  most  direct  means  of 
forming  a  general  estimate  of  the  desirable  habitable  fea- 
tures of  particular  regions,  though  these  obvious  views  will 
necessarily  require  correction  and  modification  to  correspond 
with  the  mai-ked  differences  between  the  widely  distinct  classes 
of  civilized  and  uncivilized  life. 

Still,  other  things  being  equal,  the  country  which,  in  its 
ancient  monuments,  or  its  present  existing  races,  shows  traces 
of  superior  condition,  large  population,  or  conveniences  of 
li\ing,  will  necessarily  indicate  at  least  an  enlarged  capacity 
for  the  growth  and  support  of  progressive  modem  civilization. 

These  indices  of  capacit}'  for  sustaining  an  advanced-  order 
of  civilization  are  especially  marked  near  the  line  of  the  thirty- 
fifth  parallel,  north  latitude.  This  includes  in  New  Mexico  and 
Northern  Arizona,  the  favorite  homes  of  the  industrious,  semi- 
civilized,  Pueblo  Indians.  It  is  also  the  country  especially 
marked  by  the  scattered  remains  of  an  ancient  civilization, 
exhibited  in  the  ruins  of  populous  towns,  wisely  selected  with 
reference  to  favorable  agricultural  districts  and  broken  pottery, 
showing  considerable  progress  in  the  domestic  arts. 

The  present  condition  of  the  native  population,  but  slightly 
different  from  that  noted  by  the  early  Spanish  explorers  tliree 
hundred  and  fifty  years  ago,  includes  three  distinct  classes ; 
according  to  the  relative  preponderance  of  each  of  which,  de- 
termined in  great  measure  by  the  external  features  of*  the 
country,  its  true  habitable  features  is  brought  clearly  to  view. 
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1.  There  is  the  roving  Apache,  with  no  permanent  home, 
living  by  theft,  and  only  supplementing  this  irregular  mode  of 
existence  by  the  scanty^  native  product  of  the  soil,  or  the  pre- 
carious returns  of  the  chase.  Without  beasts  of  burden  or 
domestic  animals  of  any  kind,  except  such  as  are  captured  in 
their  predatory  excursions  and  subsequently  consumed  for 
food,  they  roam  in  scattered  bands  over  a  wide  section  of  the 
country,  occupying  the  rocky  recesses  and  inaccessible  canons 
of  the  mountain  districts,  from  which,  eluding  pursuit,  they 
can  most  successfully  prey  upon  the  unsuspecting  traveller,  or 
accomplish  their  thieving  raids  on  the  cultivated  fields  of  their 
industrious  native  compeers. 

2.  We  have  the  Navajo  tribes,  showing  an  advance  towards 
civilization  in  the  rearing  of  flocks  and  herds,  upon  which  they 
rely  mainly  for  subsistence  and  clothing.  Necessarily  connected 
with  this  more  settled  mode  of  life,  we  note  some  considerable 
progress  in  the  domestic  mechanic  arts,  such  as  weaving,  basket 
making,  etc.  Also  some  attention  is  given  to  the  cultivation  of 
the  soil,  and  raising  fruit  to  supply  the  place  of  the  scanty 
native  productions.  Still,  however,  in  accordance  with  their 
roving  propensities,  they  are  addicted  to  hunting  and  plunder 
when  it  can  be  safely  carried  on  at  points  remote  from  their 
settled  habitations.  The  Navajo  country  comprises  the  pictur- 
esque region  lying  west  of  the  Bio  Grande,  includi^  an  excel- 
lent grazing  district,  and  a  rocky  section  with  deep  canons, 
clear  streams  and  limited  fertile  valleys.  From  this  desirable 
district  a  large  part  of  the  Navigo  tribe  have  been  recently  re- 
moved to  a  Government  reserve,  in  South-eastern  New  Mexico, 
by  a  very  questionable  policy,  depriving  these  Indians  of  their 
natxural  means  of  legitimate  subsistence,  and  supporting  them 
at  Government  expense  in  an  idleness  that  can  only  result  in 
their  speedy  deterioration,  and  ultimate  extermination.* 

3.  In  the  rank  of  ascending  civilization  we  have  the  Pueblo 
Indians,  living  in  defensive  towns,  relying  for  subsistence  on 
the  cultivation  of  the  soil,  and  the  rearing  of  domestic  animals ; 
industrious,  hospitable,  fond  of  trade,  ready  to  adopt  any  of 
the  improvements  in  the  art  of  living  that  can  be  brought 

*  According  to  a  mora  recent  military  order,  the  Navajo  tribe  has  been  returned 
to  their  original  locality  west  of  the  Rio  Grande^  where  they  are  making  encour- 
aging adyances  in  ciTilization. 
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within  the  scope  of  their  capacity,  having  an  orderly  system  of 
government,  regulating  all  their  social  and  business  relations, 
indulging  only  in  defensive  warfare,  and  in  every  respect  exhib- 
iting the  most  encouraging  features  of  aboriginal  civilization. 

The  Pueblo  Indians  select,  by  preference,  the  larger  valleys 
and  fertile  districts  adapted  to  cultivation.  Their  towns  are 
located  with  a  view  to  defence  and  observation,  and  in  the 
interior  districts  occupy  those  castellated  rocks,  corresponding 
in  location  and  structure  to  the  closely  allied  remains  of  the 
ancient  civilization,  of  which,  it  is  but  reasonable  to  infer,  this 
is  l3ut  a  remote  trace. 

In  this  natural  parcelling  out  of  a  country  vast  in  extent, 
favored  by  a  most  genial^ climate,  and  possessing  great  unde- 
,  veloped  natural  resom'ces,  we  have  the  means  of  estimating  the 
character  and  prospects  of  an  American  civilization  when 
transplanted  and  matured  on  this  elevated  central  region — 
"this  highway  of  the  nations."  Sheltered  by  high  mountain 
ranges  from  the  sweep  of  the  freezing  northern  blasts,  it  pre- 
sents an  open,  unobstructed  slope  to  the  moist  southerly  cur- 
rents, borne  respectively  from  the  Mexican  and  the  Califomian 
Gulfs.  Hence  on  the  higher  districts  there  is  sufficient  moisture 
precipitated  to  favor  the  growth  of  forests,  and  give  origin  to 
perennial  streams,  which  supply  the  upper  sources  of  the  Rio 
Grande  and  the  Gila.  In  these  elevated  valleys  the  general 
aspect  is  that  of  a  northern  region,  characterized  by  spring  and 
summer  rains,  light  winter  snows,  and  an  elastic,  brsicing 
atmosphere.  Extensive  pine  forests  cover  the  higher  mountain 
slopes,  interspersed  with  well  watered,  grassy  valleys,  affording 
a  most  magnificent  summer  pasturage.  All  these  manifest 
advantages  are  connected  with  a  central  geographical  position, 
accessible  by  ordinary  means  of  travel,  and  closely  adjoining 
semi-tropical  districts,  lying  to  the  south.  By  the  navigable 
waters  of  the  Colorado  of  the  West  it  has  direct  water  com- 
munication with  the  Califomian  Gulf  and  the  Pacific  Ocean, 
thus  presenting  a  combination  of  desirable  features  that  must 
eventually  insure  its  civilized  advancement. 

Mineral  wealth  is  an  element  that  does  not  enter  at  all  into 
the  estimate  of  productive  capacity  as  derived  from  a  view  of 
its  aboriginal  population,  and  this  is  one  of  the  main  qualifying 
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considerations  that  must  modify  our  views  of  a  progressive 
cinlization,  planting  a  large  population  on  otherwise  forbidding 
districts.  Thus,  on  the  desert  regions  of  Nevada,  where  a 
short  time  since  digger  Indians  eked  out  a  miserable  existence 
on  roots,  pinons,  lizards  and  grasshoppers,  we  have  seen  the 
development  of  a  single  rich  mineral  vein  securing  for  such  a 
locality  a  populous  district,  gathering  from  abroad  all  the 
desirable  resources  and  luxuries  pertaining  to  the  most  favored 
localities,  in  spite  of  all  natural  disadvantages.  Much  more, 
when  such  stimulating  attractions  as  mineral  wealth  draws  in 
its  train  are  added  to  agreeable  natural  accessories,  may  we 
expect  the  influx  of  a  prosperous  and  permanent  population, 
and  such  will  eventually  be  realized  on  the  now  undeveloped 
gold  and  silver  lodes  of  New  Mexico  and  Arizona. 

The  pioneer  miner,  artisan  and  agriculturist,  are  already 
there,  spying  out  the  land,  maintaining  an  exterminating  war- 
fare with  the  relentless  and  untamable  Apache ;  along  the  trav- 
elled roads  and  obscure  trails,  every  thicket  and  rocky  covert 
has  echoed  with  the  crack  of  the  hunter's  rifle  or  revolver,  and 
many  a  canon  and  rocky  slope  has  been  richly  watered  by  pio- 
neer blood.  Out  of  this  contest  there  can  be  but  one  solution 
— the  wild  Indian  must  give  place  to  the  progressive  white 
man,  Anglo  Saxon  civilization  must  supplant  barbarism,  and 
what  the  country  is  capable  of  being  made  under  the  energizing 
influence  of  American  enterprise  it  will  eventually  become. 

The  experience  of  the  last  quarter  of  a  century  has  abund- 
antly shown  that  the  natural  tendency,  alike  of  the  popular  and 
scientific  mind,  is  to  depreciate  and  underrate  the  actual  value 
and  natural  resources  of  imperfectly  known  districts.  It  is 
within  this  period  of  time  that  it  has  been  scientifically  assumed 
that  beyond  the  one  hundredth  degree  of  west  longitude  agri- 
culture could  not  be  successfully  prosecuted,  from  the  dimin 
ished  quantity  of  atmospheric  precipitation.  We  have  now  a 
practical  refiitation  of  this  argument  in  the  self  sustaining 
agricultural  conmiunities  of  Colorado,  Utah  and  New  Mexico. 
Only  within  the  last  two  or  three  years  has  it  been  successftilly 
demonstrated  that  cereal  products  of  superior  quality  can  be 
matured,  without  irrigation,  over  extensive  districts  in  New 
Mexico,  Arizona  and  California. ,  In  fact,  wherever  weeds  grow 
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along  the  road  side,  there  agricultural  products,  adapted  to  the 
particular  locality,  can  be  profitably  raised.  Among  the  Pueblo 
Indians  of  New  Mexico  irrigation  has  always  been  but  partially 
relied  on  for  maturing  crops,  and  with  this  important  accessory 
carried  forward  on  the  enlarged  scale  of  civilized  appliances, 
extensive  districts  may  be  redeemed  from  sterility,  and  a  se- 
curity given  to  the  returns  of  agriculture,  such  as  does  not 
pertain  to  those  favored  districts  that  depend  solely  on-  the 
varying  contingencies  of  a  regular  rainy  season.  One  very 
manifest  advantage  of  irrigation,  as  an  agricultural  process,  is 
realized  in  the  entire  security  of  the  crop  through  the  harvest- 
ing season,  whence  results  that  superior  quality  of  grain, 
peculiarly  adapting  it  for  distant  transportation.  It  is  not 
intended  by  this  strain  of  remark  to  assert  that  there  are  not 
in  the  region  under  especial  consideration  extensive  desert 
tracts,  and  agricultural  wastes  unsuited  for  human  habitation, 
but  it  is  safe  to  say  that  the  extent  of  these  has  been  grossly 
exaggerated,  and  that  they  are  so  interspersed  with  fertile  val- 
leys, pastoral  uplands,  and  a  variety  of  natural  products,  both 
vegetable  and  mineral,  as  to  compare  most  favorably  with  those 
Eastern  districts  whose  natural  resources  are  limited,  and  which 
are  indebted  to  the  old  appliances  of  civilization  for  most  of 
those  advantages  which  render  their  particular  localities  adapt- 
ed to  the  requirements  of  human  habitation. 

Let  the  facilities  of  raikoads  be  once  extended  to  the  attrac- 
tive regions  of  New  Mexico  and  Arizona,  and  we  shall  not  be 
long  in  witnessing  the  successfbl  development  of  vast  mining 
enterprises,  the  growth  of  cities,  and  manufacturing  centres, 
the  extension  of  agriculture  over  virgin  wastes,  unexhausted 
by  culture ;  surplus  commercial  products,  unrivalled  in  extent, 
or  cheapness,  and  with  the  disappearance  of  the  nomadic  In- 
dian, we  shall  soon  realize  the  influx  of  a  permanent  population 
before  which  the  highest  attainments  of  the  ancient  civilizatioa 
will  hardly  afford  the  means  of  a  faint  comparison. 
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6.  On  the  Leaves  of  Conifers.    By  Thomas  Meehan,  of 
Germantown,  Pennsylvania. 

Botanists  can  scarcely  have  overlooked  the  fact  that  the 
true  leaves  of  Pinus  consist  of  bud  scales  ;  and  that  what  are 
known  as  leaves,  and  what  Dr.  Engelman  (Gray's  Manual, 
fifth  edition,  p.  469)  calls  "  secondary  leaves,"  are  but  phylloid 
shoots,  but  I  have  failed  to  find  any  specific  reference  to  the 
fact  in  botanical  works.  Dr.  Dickson,  however,  in  a  paper  on 
the  Phylloid  Shoots  of  SciadopUys  verticiUata  ("  Proceedings  of 
Botanical  Congress,"  1866,  p.  124)  remarks,  "In  Sdadopitys  I 
have  to  call  attention  to  the  fact  that  the  leaves  of  the  growing 
shoots  consist,  as  in  Pinus^  entirely  of  bud  scales."  One  would 
suppose  from  this  incidental  reference  to  Pinua  that  he  was 
acquainted  with  the  fact  that  the  so-called  leaves  of  Pinus  were 
phylloid  shoots ;  but  as  the  object  of  the  paper  is  to  show  that 
the  so-called  leaves  of  Sdadopitys  are  not  true  leaves,  and  as 
any  one  must  know  that  they  are  not  if  already  cognizant  of 
the  fact  in  Pinus^  we  may  take  it  for  granted  that  at  any  rate 
if  not  entirely  overlooked,  little  thought  has  been  given  it. 
I  believe  I  am  occupying  an  entirely  original  field  in  pointing 
out  the  true  nature  of  leaves  in  Coniferce^  and  that  the  increased 
knowledge  will  have  an  important  bearing  on  many  obscure 
points  in  their  study. 

Dr.  Dickson  uses  but  the  language  of  general  botany  when 
he  describes  the  true  leaves  of  PiriTis  as  "bud  scales,"  meaning 
thereby  the  scaly  free  portion  just  under  the  "secondary 
leaves,"  of  Engelman,  and  sometimes  forming  sheaths  around 
them.  But  these  free  scales  are  scarcely  leaves.  The  chief 
portion  of  the  true  leaves  in  most  plants  of  the  order  are 
adnate  with  the  stem.  Sometimes  they  have  the  power  to  de- 
velop into  scaly  points,  at  others  into  foliaceous  tips,  and  at 
other  times  without  any  power  but  to  preserve  their  true  leaf- 
like character.  Larix  affords  the  best  illustration.  The  true 
leaves  are  linear  spathulate,  entirely  adnate  to  the  stem.  There 
are  two  kinds  of  stem  growth  on  Larix.  In  the  one  case  the 
axis  elongates  and  forms  shoots ;  in  the  other  axial  develop- 
ment is  arrested  and  spurs  are  formed.  On  the  elongated 
shoots  the  leaves  are  scattered ;  on  the  spurs  they  are  arranged 
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in  whdrls.  The  power  of  elongation  possessed  by  the  shoot  is 
imparted  to  the  leaves  which  are  adherent  to  it,  and  they  pro- 
duce green  foliaceous  awl-like  tips ;  the  power  of  elongation 
which  the  spurs  have  lost  is  also  measurably  lost  to  their 
leaves,  they  develop  themselves  fully,  although  they  have  no 
stem  to  adhere  to ;  they  preserve  their  spathulate  form,  but 
cannot  produce  the  awl-shaped  tips  of  the  shoot  leaves.  There 
are,  therefore,  two  forms  of  leaves  on  the  larch,  the  one  free, 
the  other  adherent ;  and  we  have  a  novel  principle  very  clearly 
illustrated  that  strong  axial  devdopmerU  (vigor)  is  a  diaracter- 
istic  of  adhesion,  while  the  reverse  (weakness)  is  characterized 
by  a  free  system  of  foliation.  Any  species  of  Larix  will  sustain 
this  observation ;  and,  leptolepis,  as  a  vigorous  grower,  is  the 
best. 

The  characteristics  of  the  foliage  described  in  Larix  may  be 
found  in  a  greater  or  less  degree  in  a  great  many  species  of 
coniferous  plants.  In  Cryptomeria  the  leaves  adhere  for  four- 
fifths  of  their  length  on  vigorous  shoots ;  but  on  the  more  deli- 
cate ones  they  are  free  for  three-fourths  or  more.  In  Juniperus 
the  different  forms  of  foliage  are  well  known,  especially  in  J. 
Virginiana,  J,  Chinensis,  and  J.  communis.  On  the  vigorous 
shoots  adhesion  takes  place  for  nearly  the  full  length  of  the 
leaves,  but  on  weaker  ones  the  leaves  are  very  nearly  free.  In 
Thuja,  Biota,  Retinispora,  Ctipresstis,  Thujopsis,  indeed  most 
of  the  Section  Ctipressinece  these  variable  degrees  of  adhesion 
may  be  found,  and  always  in  relation  to  the  absence  or  pres- 
ence of  vigor ;  and  on  this  question  of  vigor  it  will  be  well 
here  to  make  a  few  remarks.  The  power  to  branch  I  take  to 
be  a  high  mark  of  vigor.  The  young  seedlings  of  most  conif- 
erous trees  grow  but  a  few  inches  the  first  year  and  have  no 
power  to  branch.  The  power  increases  with  age,  and  in  all 
cases  in  proportion  to  the  vigor  of  the  plants.  In  Thuja,  for 
instance,  no  branches  appear  till  the  second  year.  They  in- 
crease in  number,  until,  when  in  its  prime,  branches  appear 
from  every  alternate  pair  of  axils,  and,  as  these  are  decussate, 
this  gives  the  fan-like  form  of  growth  of  which  the  Arbor 
Vitae  affords  a  familiar  illustration. 

This  varying  power  of  adhesion  in  the  true  leaves,  and  in 
connection  with  vigor  enables  us  to  explain  many  matters 
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hitherto  not  understood.  For  instance,  Dr.  Lindley  describes 
a  form  of  Biota  as  B.  Meldensis,  suggesting  that  from  its  ap- 
pearance it  must  be  a  hybrid  between  the  Bed  Cedar  and  Chinese 
Arbor  VUoe.  It  is  but  B.  orientalis  with  the  leaves  moderately 
united.  Thuja  ericoides  of  gardens  was  long  supposed  to  be 
a  Japanese  species ;  it  is  but  an  entirely  free-leaved  form  of 
Thuja  occidentalism  Betinispora  ericoides  of  Zuccarini  is  but  a 
free-leaved  form  of  some  Japanese  plant ;  and  in  all  probability 
many  species  of  Betinispora  so  marked  in  herbariums,  ai*e  all 
forms  of  one  thing  with  more  or  less  adnated  leaves.  In  all 
these  cases  delicacy  of  growth  and  freedom  of  leaves  go  grad- , 
uaUy  together  as  before  indicated. 

One  of  the  most  remarkable  instances  of  the  value  of  this 
principle  however,  will,  I  have  no  doubt,  be  in  fixing  the 
identity  of  the  Japanese  genus  Olyptostrobus*  of  Endlicher, 
with  the  American  Taxodium,  of  Richard.  In  a  shoot  one  foot 
in  length  of  the  latter  we  find  perhaps  four  or  six  branchlets ;  in 
the  same  space  in  Olyptostrobus  we  shall  find  a  score  or  more. 
Indeed,  in  this  plant,  a  branchlet  springs  from  nearly  every 
axil  on  the  main  branch,  showing  an  extraordinary  vigor.  As 
vigor  is  opposed  to  a  free  development  of  foliage,  the  small 
thread-like  leaves  of  Olyptostrobus  are  naturally  to  be  expected, 
and  the  free  leaves  distichously  arranged  is  the  natural  con- 
comitant of  the  weaker  Taxodiv^m.  Fortunately  I  am  able  to 
sustain  this  theory  by  actual  facts.  I  have  a  seedling  tree  ten 
years  old  of  remarkable  vigor.  It  does  not  branch  quite  as 
much  as  the  typical  Olyptostrobus^  but  much  more  freely  than 
any  Taxodium.  The  result  is  the  foliage  is  aciculate,  not  dis- 
tichous, and  just  intermediate  between  the  two  supposed  genera. 
But  to  help  me  still  more,  my  tree  of  Olyptostrobus  has  pushed 
forth  some  weak  shoots  with  foliage  identical  in  every  respect 
with  the  intermediate  Taxodium,  Specimens  of  all  these  are 
presented  with  this.  In  establishing  Olyptostrobus^  Endlicher 
notes  some  trifling  difierences  in  the  Scales  of  the  Cones  be- 
tween it  and  Taxodium^  but  all  familiar  with  numerous  indi- 
viduals of  some  species  of  Coniferoe,  Biota  orientalis  for 
instance,  know  how  these  vary.    There  can  be  no  doubt  I  think, 

*Note  by  the  proof  reader t— It  was  the  intention  of  the  author  to  refer  hie 
remarkfl  on  GlyptoBtrobus  to  Q,  Sinentis  £ndl. 
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of  the  identity  of  the  two ;  and  this  will  form  another  very 
interesting  link  in  the  chain  of  evidence,  that  the  flora  of 
Japan  is  closely  allied  to  that  of  the  United  States. 

If  we  were  to  look  on  the  so-called  leaves  of  Pinu$  and  Sda- 
dopUya  as  true  leaves,  we  should  find  serious  opposition  to  my 
theory  that  a  vigorous  axial  growth  is  opposed  to  the  devel- 
opment of  free  leaves  in  Coniferce,  for  we  should  see  a  class  of 
plants  which  notoriously  adds  but  from  three  to  six  branches 
annually  to  each  axis,  clothed  with  foliage.  But  admitting 
them  to  be  phylloid  shoots,  it  confirms  our  theory  in  a  strong 
degree.  We  then  see  a  plant  loaded  with  branchlets,  and  so 
great  is  the  tendency  to  use  them  instead  of  leaves,  that  in. 
some  cases  as  in  Pinus  strobus,  P.  eoDcdsa^  and  others  of  a 
softer  class  of  PhyUoidem^  the  bud  scales  are  almost  entirely 
confined  to  the  sheathing  leaflets.;  just  as  in  the  very  rugged, 
hard  leaved,  almost  spinescent  forms,  like  Pinvs  Austriaca^  we 
find  them  more  dependent  on  well  developed  adnate  leaf  scales. 
In  Abies  of  old  authors,  A.  eoncelsa  for  instance,  we  have  a 
numerous  branching  tendency;  hence  we  have  true  leaves 
though  partially  adnate,  and  no  necessity  for  phylloid  branch- 
lets.  In  Picea  of  Link,  almost  near  Abies^  taking  P.  Balsamea 
as  a  type,  we  have  a  rather  weaker  development,  slower  grow- 
ing and  less  hardy  trees,  and  the  leaves  are  nearly  free.  Could 
some  of  the  shoots  of  Abies  be  arrested  in  their  axial  devel- 
opment as  in  LariXy  we  should  have  the  remainder  increased  in 
length,  and  the  fewer  branchlets,  and  two  forms  of  leaves  just 
as  in  Ldrix,  Should,  on  the  other  hand,  the  plant  increase  in 
vigor  there  would  be  no  class  of  free  leaves,  adnation  would  be 
the  law,  and  metamorphosed  branchlets  prevail.  Starting  from 
Abies  extra  vigor  makes  the  Pine ;  extra  delicacy  the  Larch. 
It  is  the  centre  of  two  extremes. 

That  the  fascicles  in  Pinus  are  phylloid  shoots  I  think  can- 
not be  questioned.  Their  position  in  the  axils  of  the  true 
leaves,  as  beautifully  shown  in  Pinus  Avstridcay  indicates  the 
probability.  Their  permanency  in  proportion  to  their  induracy 
is  also  another  strong  point.  The  soft  ones  of  the  Strobus 
Section  retain  vitality  little  longer  than  some  true  leaves, 
while  the  spinescent  ones  of  P.  Austrica  remain  green  for  four 
or  five  years.    But  the  strongest  of  all  points  is  that  on  dis- 
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section  of  an  old  fascicle  it  will  be  found  to  have  a  distinct 
connection  with  the  woody  system  of  the  tree,  and  that  these 
minute  woody  asill®  under  each  fascicle,  increase  in  size  with 
the  age  of  the  sheath.  With  a  very  little  encouragement  these 
woody  axillae  can  be  induced  to  elongate  and  become  real 
branchlets.  If  the  leading  shoot,  for  instance,  of  a  Pine  be 
tipped  in  May  just  after  pushing,  bulblets  will  form  in  every 
fascicle  below,  and  the  next  season,  the  bulblets  will  produce 
weak  branchlets,  although  this  might  be  said  of  true  leaves, 
which  are  supposed  to  bear  an  embryo  shoot  in  the  axil  of 
every  one.  So  much  stress  need  not  be  put  on  this  fact  as  the 
others  are  sufficient.  It  is  introduced  and  its  weak  nature 
commented  on,  as  it  furnishes  the  chief  point  in  Dr.  Dickson's 
argument  for  SdadopUySj  which. amounts  to  little  more  than 
that  the  apparently  single  Phylla  is  really  a  double  one — a 
two-leaved  fascicle  united  by  a  transformed  sheath  through  its 
whole  length.  Carriere  has  since  pushed  Dr.  Dickson's  obser- 
vations farther  by  noting  in  the  "Reveu  Horticole"  really  bifid 
leaves,  with  little  verticils  in  the  axils  (see  reference  in  "  Gar- 
dener's Chronicle,"  May  2,  1868),  an  observation  which  I  con- 
firm by  a  specimen  exhibited  herewith ;  yet  as  I  have  said  it  is 
by  itself  not  wholly  free  from  the  objection  that  it  may  be  but 
a  modified  form  of  regular  bud  growth ;  but  together  with  my 
other  observations  I  think  they  do  serve  to  confirm  the  point 
of  these  so  called  leaves  being  but  phylloidse. 

In  conclusion  I  will  restate  the  main  points  of  this  paper : 

The  true  leaves  of  Coniferae  are  usually  adnate  with  the 
branches. 

Adnation  is  in  proportion  to  vigor  in  the  genus,  species,  or 
in  the  individuals  of  the  same  species,  or  branches  of  the  same 
Ladividual. 

Many  so  called  distinct  species  of  coniferae  are  the  same, 
but  in  various  states  of  adnation. 
A.  A.  A.  s.  VOL.  xvn.  41 
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7.  Description  op  a  New  Species  op  Protichnttes,  prom 
THE  Potsdam  Sandstone  op  New  York.  By  Professor  O.  C. 
Marsh,  of  New  Haven,  Conn. 

The  first  discovery  of  footprints  in  tiie  lower  Silurian  of 
this  country,  appears  to  have  been  made  in  1847,  in  the  Pots- 
dam sandstone  of  Beauhamois,  Canada  East.  In  1851  an 
account  of  the  locality  was  published  by  Sir  William  E.  Logan, 
and  with  this  appeared  a  short  description  of  the  impressions 
themselves  by  Professor  Owen,  of  London,  who  then  consid- 
ered them  the  tracks  of  a  Tortoise.*  Subsequent  explorations 
by  the  Geological  Survey  of  Canada  brought  to  light  new 
localities  and  additiojial  specimens  in  the  same  region,  and  in 
the  following  year  the  geological  age  of  the  strata  containing 
them  was  fully  discussed  by  Sir  W.  E.  Logan,  and  a  more  de- 
tailed description  of  the  footprints  was  given  by  Professor 
Owen,  who  now  regarded  them  as  made  by  a  large  Crustacean, 
probably  alUed  to  the  modern  Limidus,^  He  applied  to  these 
impressions  the  generic  name  Protichnitea^  and  distinguished 
six  species,  or  varieties,  apparently  quite  distinct  from  each 
other.  A  trail  of  a  different  character  was  afterwards  discov- 
ered in  the  same  formation  near  Perth,  Canada  West,  and  de- 
scribed by  Sir  W.  E.  Logan  under  the  name  ClimactidinUes 
Wilsoni.X  This  was  supposed  to  be  the  track  of  a  Gasteropod, 
but  Professor  Dana  has  since  suggested  that  it  may  have  been 
made  by  a  large  Trilobite.§  Up  to  the  present  time,  eight 
localities  of  footprints  have  been  found  in  the  Potsdam  sand- 
stone of  Canada,  along  the  strike  of  the  formation,  for  about 
four  hundred  miles,  and  all  at  nearly  the  same  horizon,  or 
within  fifty  to  seventy  feet  of  the  top.  || 

From  tiie  lower  Silurian  of  the  United  States,  no  footprints 
appear  to  have  been  described  hitherto,  although  their  exist- 
ence in  these  strata  is  now  clearly  established.  An  interesting 
series  of  impressions  was  discovered  by  the  author  on  the 
western  shore  of  Lake  Champlain  during  a  visit  to  that  region 

*  Journal  Geologrical  Society  of  London,  vU,  pp.  247  and  250.     * 
t  Journal  Geological  Society  of  Lon4on|  yilii  pp.  199  and  214. 
I  Canadian  Katuraliat,  v,  p.  279, 1860. 

Manual  of  Geology,  p.  189. 

G«ology  of  Canada,  p.  106, 1883. 
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immediately  after  the  meeting  of  the  Association  at  Burlington 
in  August  last.  They  were  found  on  a  ripple-marked  surface 
of  Potsdam  sandstone,  just  above  the  then  water-line  of  the 
lake,  a  short  distance  north  of  the  village  of  Port  Kent.  The 
rock  was  a  hard  white*  quartzite,  resembling  that  containing 
the  footprints  in  Canada,  although  probably  belonging  to  a 
somewhat  lower  horizon.  The  impressions  obtained,  which  in- 
dicate a  new  form  of  Crustacean  track,  were  in  two  portions 
on  the  same  surface,  and  were  evidently  made  by  the  same 
animal.  They  form  together  a  series  of  footprints  about  six 
feet  in  length,  consisting  of  two  parallel  rows  of  impressions, 
separated  from  each  other  by  a  space  of  about  one  and  three- 
fourths  inches,  and  having  an  extreme  width  between  their 
outer  edges  of  two  and  one  half  inches. 

One  of  the  most  striking  features  of  this  series,  which  readily 
distinguishes  it  from  the  Protichnites  already  described,  is  the 
absence  of  a  medial  trail  or  tail-mark.  No  indications  of 
such  an  impression  could  be  detected,  even  when  the  track 
passes  over  the  ridges  of  the  ripple-marks,  where  it  certainly 
would  appear,  if  at  all.  The  footprints  indicate,  moreover,  a 
much  smaller  animal  than  those  that  made  the  other  forms  of 
ProtichnUes^  the  width  of  the  series  being  in  general  less  than 
one-half  that  of  the  other  species,  excepting  P.  mvXtinotalvs^ 
from*  which,  however,  it  differs  in  the  absence  of  the  medial 
groove,  and  in  the  less  numerous  and  more  irregular  foot- 
marks. 

The  margins  of  the  individual  impressions  are  not,  in  gen- 
eral, accurately  defined,  partly,  perhaps,  owing  to  the  fact  that 
the  surface  of  the  sandstone  had  been  somewhat  worn  by  the 
water  and  ice  of  the  lake.  In  this  way  some  of  the  smaller 
impressions  may  have  been  obscured  or  obliterated,  as  it  is  now 
diflBcult  to  trace  with  certainty,  through  the  whole  series,  the 
successive  groups  of  footprints  which  correspond  to  the  re- 
peated applications  of  the  same  limbs  of  the  animal,  although 
such  a  repetition  is  easily  recognized  where  the  tracks  are  best 
preserved.'  In  such  places  the  impressions  are  seen  to  be 
arranged  in  groups  of  six,  which  in  each  row  evidently  repre- 
sent successive  applications  of  the  same  series  of  limbs,  the 
corresponding  set  on  the  other  side  making  a  group  nearly  or 
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quite  opposite  when  the  animal  moved  directly  forward,  but 
partially  alternating  when  it  turned  to  the  right  or  left.  Each 
group  appears  to  consist  of  four  impressions  in  the  linear 
series,  and  two  additional  ones  inside  and  a  little  behind 
the  last  two.  The  divergence  of  the  impressions  thus  pro- 
duced probably  indicates,  as  Professor  Owen  has  shown  in 
regard  to  the  other  species,  the  direction  in  which  the  animal 
was  moving.  The  bottom  of  some  of  the  tracks  are  sharply 
defined,  and  were  evidently  impressed  by  some  hard  pointed 
limb.  This  would  tend  to  show  that  they  were  not  made  by 
a  Trilobite,  to  which  their  origin  might  otherwise  naturally 
be  attributed,  while  the  absence  of  a  medial  groove  would 
probably  exclude  a  Crustacean  of  the  type  that  made  the  other 
PfoUchnUes.  The  points  of  diflTerence  between  this  form  and 
those  hitherto  described  are  sufficiently  marked  to  justify  its 
separation,  and  it  may  appropriately  be  named  Protichnites 
Logananus,  in  honor  of  Sir  W.  E.  Logan,  Director  of  the 
Canadian  Geological  Survey,  to  whom  this  department  of 
paleeontology  is  so  much  indebted. 

The  peculiar  interest  attached  to  these  various  footprints  on 
the  oldest  Silurian  strata  depends  in  part  upon  the  fact  that 
we  thus  have  evidence  of  forms  of  life  before  unsuspected ; 
since  no  other  indications  of  the  animals  that  made  the  im- 
pressions have  as  yet  been  discovered.  An  exception  should 
perhaps  be  made  of  the  small  Limuloid  Crustacean  {Aglaspis 
Barrandi)  described  by  Professor  Hall,  from  the  Potsdam 
sandstone  of  Wisconsin  and  Minnesota,  which  may  have  made 
footprints  somewhat  similar  to  the  Protichnites.*  Indistinct 
impressions,  resembling  those  from  Canada  have  indeed  been 
observed  by  Mr.  Daniels  in  that  formation  in  Wisconsin,  al- 
though not  at  the  same  horizon  in  which  the  remains  were 
found.  The  Agla^s  of  the  Potsdam  and  the  Eurypterua  of 
the  Upper  Silurian  at  least  indicate  the  general  affinities  of 
the  Crustaceans  that  have  recorded  their  existence  in  the  /Vo- 
tichnUes^  and  the  remains  of  the  animals  themselves  will, 
doubtless,  be  brought  to  light  at  no  distant  day;  and  thus 
reveal  their  true  nature. 

*  Sixteenth  Regents  Report  on  N.  Y.  Cabinet,  p.  181, 188S. 
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8.  On  the  Preservation  of  Color  in  Fossils  from  Pale- 
ozoic Formations.  By  Professor  O.  C.  Marsh,  of  New 
Haven,  Conn. 

(ABSTRACT.) 

The  fossil  shells  in  the  more  recent  formations,  especially 
those  of  Europe,  have  not  unfrequently.  been  found  to  retain 
their  original  color-markings  more  or  less  perfectly ;  but  speci- 
mens in  this  state  of  preservation  have  very  rarely  been  de- 
tected hithei-to^in  the  older  rocks.  The  few  instances  observed, 
however,  are  of  especial  interest  to  geologists,  since  the  inves- 
tigations of  Professor  E.  Forbes  and  others  have  shown  that, 
in  the  existing  seas  which  have  been  explored,  shells  with  well 
defined  color  patterns  are  in  general  only  found  in  comparer 
tively  shallow  waters,  and  the  same  species  may  be  highly 
colored  when  near  the  shore,  and  white  when  inhabiting  depths 
below  one  hundred  fathoms.  This  was  probably  true  also  of 
the  Mollusca  in  the  palaeozoic  seas,  and  we  may  thus  have 
some  indication  of  the  depths  in  which  they  lived. 

The  first  specimen  with  the  color  distinctly  preserved,  which 
appears  to  have  been  noticed  in  European  palaeozoic  strata, 
was  a  Fleurotomaria^  from  the  subcarboniferous  limestone  of 
England,  described  in  1836  by  Professor  Phillips  as  P.  flam- 
migera.*  Subsequently  one  or  two  other  species  from  the 
same  formation  in  Ireland  were  found  to  be  similarly  marked, 
especially  the  common  Terebrattda  JiaMcUa  Sowerby,  and  from 
this  fact  Professor  Forbes  inferred  that  the  limestone  con- 
taining them  was  deposited  in  an  ocean  not  exceeding  fifty 
fathoms  in  depth — a  conclusion,  however,  somewhat  at  vari- 
ance with  the  results  of  more  recent  explorations,  f 

Probably  the  most  interesting  fossil,  with  color  markings, 
from  the  palteozoic  yet  discovered  is  a  specimen  of  Ortkoceras^ 
found  in  the  Devonian  at  PafBrath  on  the  Rhine,  and  described 
in  1842  by  M.  d'Archiac  and  deVemeuil  as  OrthoceratUes 
anguliferus.  %  This  specimen,  which  is  now  in  the  private  col- 
lection of  M.  deVemeuil  in  Paris,  is  still  covered  with  perfectly 

*  Geology  of  YorkBhire.   Part  II,  p.  226. 

tSee  pap«-  bj^^M.  Sara.  Videnkabs^Selekaba  Forhandlin^r,  ^p.  ?*^75,J18B8; 
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defined  zigzag  bands  of  the  original  color.  While  in  Germany 
in  1865,  the  author  was  fortunate  enough  to  procure  fh)m  the 
same  locality  a  second  specimen  of  this  species,  with  similar 
bands  of  color,  and  these  two  are  probably  the  only  specimens 
yet  discovered.  Several  gasteropods  {Nalica  subcostata  Schl.), 
with  distinct  color  markings,  were  obtained  at  this  locality  at 
the  same  time,  and  others  have  occasionally  been  found  there. 
These  discoveries  in  European  strata  led  the  author  to 
examine  the  palaeozoic  fossils  of  this  country,  where  the  sub 
ject  appears  to  have  attracted  but  little  attention  as  yet,  and  he 
had  already  found  indications  of  color  in  specimens  from  sev- 
eral formations.  The  most  interesting  of  these  were  Cephal- 
opods  from  the  Trenton  limestone  of  New  York,  especially 
Endoceras  proteiforme  Hall,  which  in  several  instances  he  had 
found  to  retain  distinct  traces  of  the  original  color,  arranged 
in  delicate  cancellated  patterns.  In  other  species  from  this 
formation,  and  particularly  in  some  Orthocerata  from  the  Hud- 
son and  Niagara  limestones  of  Illinois  and  Iowa,  he  had  also 
noticed  indications  of  color  markings.  The  author  exhibited 
a  series  of  fossils  from  the  palaeozoic  rocks  of  Europe  and  this 
country,  all  showing  indications  of  the  original  color,  and 
stated  that  a  careful  examination  of  our  palaeozoic  strata, 
especially  the  light-colored  limestones  and  shales  of  the  West, 
would  undoubtedly  bring  to  light  many  additional  specimens, 
and  thus  afford  new  evidence  of  the  condition  of  the  seas  in. 
which  they  were  deposited. 


9.  Announcement  of  the  Existence  or  Cretaceous  Rocks 
IN  Guthrie  County,  Iowa.  By  C.  A.  White,  M.  D.,  of  Iowa 
City. 

In  July,  1867, 1  announced  in  the  American  Journal  of  Sci- 
ence and  Arts,  the  discovery  of  the  sandstones  of  the  Dakota 
group  of  Cretaceous  rocks  as  far  south  in  Iowa  as  Red  Oak 
Junction,  Montgomery  county,  and  within  thirty  miles  of  the 
northern  line  of  the  State  of  Missouri. 

I  have  now  to  announce  the  discovery  of  the  same  rock  in 
Guthrie  county ;  one  locality  being  within  less  than  forty  miles 
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of  the  city  of  Des  Moines,  and  more  than  eighty  miles  east- 
ward from  the  Missouri  River. 

Further  investigations  concerning  its  distribution  are  now 
in  progress,  which  it  is  believed  will  result  in  showing  a  much 
greater  easterly  extension  of  that  formation  than  it  has  been 
hitherto  believed  to  possess. 


10.  On  the  Geology  of  Lower  Louisiana  and  the  Rock 
Salt  Deposit  op  Petite  Anse,  By  Eugene  W.  Hilgard, 
Ph.  D.,  of  Oxford,  Mississippi. 

(ABSTRACT.) 

The  discovery  in  1862,  of  a  deposit  of  rock-salt  on  the  coast 
of  Louisiana,  was  a  fact  so  unexpected  to  geologists,  that  at 
any  other  time  a  detailed  investigation  of  its  geological  rela- 
tions would  quickly  have  followed  the  first  announcement. 
The  pressing  necessities  of  the  blockaded  section  soon  caused 
its  development  on  a  large  scale,  though  in  a  very  irregular 
manner;  for  a  considerable  period,  these  mines  supplied  the 
whole  of  the  south-west.  In  November,  1865,  Professor  Rich- 
ard Owen  made  a  brief  examination  of  the  locality,  the  results 
of  which  he  published  in  the  Transactions  of  the  St.  Louis 
Academy.  A  year  later  Dr.  Charles  A.  Gossmann,  under  the 
auspices  of  the  American  Bureau  of  Mines,  made  an  examina- 
tion of  the  locality,  mainly  with  a  view  to  the  working  of  the 
deposit.  His  report,  published  by  the  Bureau,  as  well  as 
the  specimens  which  he  com*teously  exhibited  to  me,  confirm 
previous  conjectures  that  the  overlying  strata  were  the  equiva- 
lents of  the  formation  I  have  described  as  the  "Orange  Sand" 
of  Mississippi.  I  therefore  gladly  availed  myself,  at  the  earli- 
est possible  moment,  of  the  ofier  of  the  Smithsonian  Institu- 
tion to  defray  my  expenses  in  making  a  detailed  geological 
investigation  of  the  region.  The  low  stage  of  water  prevailing 
at  the  time  (December,  1867)  rendered  it  possible  to  observe, 
to  the  best  advantage,  the  formations  exhibited  on  the  banks 
of  the  Mississippi ;  the  examination  of  which,  from  Yicksburg 
to  the  Passes,  was  a  needfhl  preliminary  step  to  the  determin- 
ation of  the  formations  of  the  coast. 
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Haying  previously  examined  and  described  the  sections  ex- 
hibited at  Vicksburg,  Grand  Gulf  and  Fort  Adams,*  I  merely 
landed  at  some  intermediate  points  to  verify  the  conclusion 
previously  reached,  viz.,  that  below  Vicksburg  no  marine  for- 
mation crops  out  on  the  river  banks,  reports  to  the  contraiy 
notwithstanding;  and  that  the  profiles  at  Natchez,  Rodney 
and  other  points  are  essentially  similar  to  that  at  Fort  Adams, 
where  we  find  the  strata  of  the  (fresh-water)  "Grand  Gulf 
group"  in  a  position  nearly  or  quite  horizontal ;  overlaid,  first 
by  the  materials  of  the  "  Orange  Sand,"  which  in  its  turn  is 
capped  by  the  stratum  of  the  "Loess"  or  Bluff  formation, 
covered  by  a  thin  deposit  of  "Yellow  Loam." 

Facing  southward  from  the  "Blockhouse  hill"  at  Fort 
Adams,  we  observe  a  wilderness  of  the  characteristic  sharp 
ridges  of  the  Loess  region,  often  fore-shortened  into  veritable 
peaks,  elevated  between  300  and  400  feet  above  the  river.  In 
this  region  the  Grand  Gulf  strata  have  been  traced  southward 
by  Dr.  George  Little,  the  present  State  geologist  of  Missis- 
sippi, as  far  as  the  head-waters  of  Thompson's  Creek,  north- 
west of  Clinton,  La. 

The  Orange  Sand  proper  is  visible,  near  the  river,  as  far 
south  as  Jackson,  La.,  but  farther  inland  extends  to  a  lower 
latitude.  As  for  the  Loess,  it  appears  in  fall  force  and  char- 
acteristically developed  for  some  distance  south  of  Fort  Adams. 
But  (according  to  Dr.  Little's  observations)  these  features  be- 
come gradually  modified  as'we  advance  southward.  The  Loess 
deposit  tliins  out,  its  materials  become  poorer  in  lime  and 
fossils,  and  assume  more  and  more  the  character  of  a  common 
fine  grained  "  hardpan"  ;  the  transition  being  by  insensible  de- 
grees, while  the  two  extremes  are  very  obviously  distinct.  At 
the  same  time  the  clayey  substrata  which,  farther  above  ap- 
pear only  in  patches  (as  at  Nevitt's  bluff,  two  miles  above 
Natchez,  as  well  as  at  the  latter  place  itself)  are  seen  more 
frequently  and  continuously,  until,  at  Port  Hudson,  they  be- 
come predominant. 

The  exposure  at  Port  Hudson,  previously  examined  in  part 
by  Bartram,  Carpenter  and  Lyell,  is  about  three  miles  in  ex- 
tent, from  the  mouth  of  Sandy  Creek  above  the  town,  to  Fon- 

•  See  Report  on  Uie  Geology  and  Agriculture  of  Mies.,  1860. 
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tania  LandiBg  H  miles  below.  Its  lower  half  is  washed,  and 
oontiniially  encroached  upon,  by  the  river ;  its  npper  portion  is 
now  inland  of  an  extensive  sand-bar.  The  strata  are  disposed 
horizontally  or  basin  fashion,  and  vary  a  good  deal  both  in 
thickness  and  materials,  as  shown  in  the  subjoined  profiles, 
sitaated  about  a  mile  apart ;  the  correspondence  of  strata  is 
ascertained  by  actual  tracing  of  the  stratification  lines. 


Jfear  SawmiU,  Port  Ifudton, 

No. 

Midway  hetuPn  Port  Hudson  ^  FontanSa. 

Yellow  snrfkce  loam,           4—6  ft. 

YeUow  loam,  sandy  below ;        8—10  ft. 

YeUow  hardpan, 85  ft. 

White  and  yellow  hardpan,  ....  18  ft^ 

Orange  and  yellow  sand,  sometimes  fsr- 
ropnons  sandstone,  iiregolarly  stra- 

Heavy  greenUh  clay, 7  ft. 

Heavy,  greenish  or  bluish  clay,  .  .  7  ft^ 

Gravel,  sand  and  clay  in  Irregnlar 
bands,  like  riyer  alinyium ;  with 
pebbles,  driftwood,  leaves,  and 
Mastodon  bones,    6  ft. 

White  indurate  silt  or  hardpan,      18  ft. 

Heavy,  sreenish  or  bluish,  massy 
elay,similar  to  No.4;25  ft.  visible. 

Heavy  green  clay,  with  porous  calcare- 
ous concretions  above,  ferruginous 

sions  of  leaves, 80  ft. 

Brown  muck,             ^^^   ^^^^ 

Wiiiteirblnecliy,'  $  »t«mps,  »-4ft. 

At  the  stage  of  extreme  low  water  prevailing  at  the  time, 
the  stump  stratum  No.  1  was  visible  to  the  thickness  of  10  feet 
at  its  highest  point ;  showing  several  generations  of  stumps 
above  one  another,  also  the  remnants  of  many  successive  falls 
of  leaves  and  overflows.  The  wood  is  in  a  good  state  of  pres- 
ervation ;  no  prostrate  trunks  to  be  seen  at  present. 

The  main  clay  deposit.  No.  2,  varies  but  little  in  general 
character;  although  very  solid,  its  tendency  to  cleave  into 
prismatic  forms  renders  it  very  liable  to  "  cave**  into  the  river. 
The  upper  portion  of  the  stratum,  especially  near  its  southern 
end,  contains  strings  of  calcareous  nodules,  on  stratification 
lines  eight  to  twelve  inches  apart.  No  fossils  save  rare  im- 
pressions of  leaves. 

No.  8  is  exceedingly  variable.  At  the  northern  end  of  the 
outcrop,  it  is  a  narrow  band  of  swamp  deposit ;  at  the  first  of 
the  profiles  given,  it  bears  the  character  of  a  sand-bar ;  lower 
down  it  returns  to  that  of  a  swamp  deposit ;  still  below  it  is 
represented  by  a  fine  white  silt,  without  a  trace  of  vegetable 
remains.     Lower  down  again  a  lignitic  layer  appears  at  its 

42 
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base,  with  leaves  and  fruit  of  living  species  of  lowland  trees ; 
while  near  Fontania  it  is  again  a  sand-bar  with  an  abundance 
of  prostrate  trunks  of  drift-wood,  coarse  sand  and  pebbles. 

The  green  clay  stratum  No.  4  varies  little,  either  in  thick- 
ness or  composition,  and  like  the  stump  stratum,  No.  1,  forms 
a  convenient  level  of  reference. 

The  hardpan  stratum  No.  5  I  conceive  to  be  the  more  im- 
mediate representative  of  the  Loess  proper,  with  which  it  is 
connected  by  gradual  transition,  though  at  times  greatly  re- 
sembling some  of  the  materials  of  the  Orange  Sand.  It  is 
void  of  fossils. 

The  present  profile  differs  in  many  respects  from  those  given 
by  previous  observers,  which  lay  some  distance  farther  west, 
where  the  river  now  flows.  The  strata  are  accordingly  as  va^ 
riable  in  an  east  and  west  as  in  a  north  and  south  direction, 
and  with  the  exception  of  Nos.  1  and  2,  are  such  as  are  now 
shown  in  ditches  cut  into  the  modem  river-bottom  deposits. 

The  stump  stratum.  No.  1,  however,  as  appears  from  numer- 
ous data  collected  by  myself  or  contained  in  Humphrey's  and 
Abbot's  Report  on  the  Mississippi  River,  exists  at  about  the 
same  level  (i.e.,  near  that  of  tide-water),  not  only  over  all  the 
so  called  Delta-plain  of  the  Mississippi,  but  also  higher  up, 
perhaps  as  far  as  Memphis,  and  all  along  the  gulf  coast,  at 
least  from  Mobile  on  the  east  to  the  Sabine  River.  Wherever 
circumstances  allow,  the  overlying  clay  stratum.  No.  2,  is  also 
observed.  These  facts  indicate  the  wide  spread  prevalence, 
during  the  epoch  succeeding  the  drift,  of  quiet,  shallow  fresh- 
water lagoons  and  swamps  of  slightly  varying  elevation; 
through  which  the  continental  waters  may  for  some  time  have 
found  an  outlet,  without  a  definite  channel,  representing  the 
Mississippi  of  to-day.  The  Port  Hudson  profile  appears  to  be 
typical,  its  features  being  reproduced  wherever  denudation  has 
not  removed  these  deposits  down  to  the  level  of  the  stump 
stratum,  as  is  mostly  the  case. 

THE   FIVE   ISLANDS. 

The  chain  of  five  islands  rising  partly  from  the  sea,  partly 
from  the  coast  marsh,  between  the  mouth  of  the  Atchafalaya 
and  Vermilion  River,  have  been  described  by  Mr.  Thomassy,* 
•  G^lofl^e  pratlqae  de  la  LooiBiane;  New  Orleans,  1800. 
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who  attributes  their  origin  to  " hydrothermal"  or  "volcanic" 
action.  His  descriptions  are  snfSciently  faithful  to  show  the 
general  resemblance  of  their  geological  structure ;  so  that  after 
visiting  the  three  middle  members  of  the  chain,  \\z. :  Cote 
Blanche,  Week's  Island,  and  Petite  Anse,  I  have  thought  it 
superfluous  to  extend  my  examination  to  the  two  extreme  ones, 
viz. :  Belle  Isle,  the  promontory  west  of  Atchafalaya  Bay,  and 
Miller's  Island  (or  "Orange  Grove")  overlooking  the  plains 
of  the  Vermilion.  These  elevations  lie  nearly  in  a  straight 
line  bearing  N.  W.  by -W.  from  Belle  Island. 

OOTE  BLANCHE. 

The  next  in  order,  affords  on  its  sea-face  a  fine  exposure  of 
the  lower  members  of  the  Port  Hudson  profile.  At  tide-level 
we  have  the  blue  clay  ^fith  cypress  stumps,  the  tops  of  which 
are  often  surrounded  by  alternate  layers  of  clay,  muck,  and 
sometimes  lignite.  The  overlying  strata  consist  partly  of  blue 
clay  similar  to  No.  2  at  Port  Hudson,  partly  of  various  col- 
ored loams  alternating  with  the  former;  and  exhibiting  the 
same  calcareous  or  ferrugino-calcareous  concretions  along  the 
stratification  lines.  At  a  few  points  these  calcareous  concre- 
tions resolve  themselves  into  distinct  fossils,  representing  the 
fresh-water  genera  Pcdvdina^  Melania^  UniOj  Anodonta  and 
Cydas^  in  an  indifferent  state  of  preservation.  The  entire  vis- 
ible profile  is  about  fifty  feet  high ;  the  highest  point  of  the 
island  rises  as  high  as  180  feet,  but  in  its  interior  no  exposures 
exist,  so  that  the  higher  members  of  the  series  are  not  veri- 
fiable. 

week's  island. 

This  island,  lying  6  miles  N.  W.  by  W.  f5rom  Cote  Blanche, 
has  an  area  slightly  greater,  viz.,  2,800  acres ;  it  is  nearly  cir- 
cular; maximum  elevation  160  feet  above  tide  water.  Unlike 
Cote  Blanche  it  is  traversed  by  deep  ravines  which  exhibit  the 
geological  structure.  In  the  central  and  highest  portion  these 
gullies  are  bordered  by  steep  slopes  composed  of  the  most 
characteristic  materials  of  the  Orange  Sand  group.  On  the 
exterior  slopes,  however,  we  find  in  a  position  inclined  away 
fix>m  the  centre  of  the  island,  the  lower  strata  of  the  Port 
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Hudson  profile — green  or  blue  clay  with  calcareons  concre- 
tions, and  imperfect  fresh-water  shells.  The  bine  clay  stratom 
with  cypress  stumps  is  met  with  in  ditching,  and  is  also  known 
to  exist  in  the  beds  of  the  neighboring  bayous,  as  well  as  in 
the  surrounding  marsh. 

PETrrs  AKSE,  OR  apery's  island. 

Petite  Anse  lies  about  12  miles  N.  W.  by  W.  of  Week's 
Island,  and  in  its  general  structure  much  resembles  the  latter, 
to  which  it  is  slightly  inferior  in  size,  and  about  equal  in  ele- 
vation ;  its  highest  point,  "Prospect  Hill,"  on  the  north  side, 
being  160  feet  above  tide-level. 

An  elevated  ridge  connects  Prospect  Hill  with  another  high 
point  near  the  southern  slope  of  the  island ;  and  near  the  west 
end  a  ridge,  on  which  Judge  Avery's  house  stands,  falls  off 
steeply  toward  the  Bayou  Petite  Anse.  These  three  points 
inclose  the  valley  in  which  the  salt  deposit  has  been  found 
and  which  opens  south-eastward  into  the  marsh. 

The  topography  of  the  island,  as  well  as  the  history  of  the 
mine,  have  been  ably  given  by  Dr.  Charles  A.  Grossmann  of 
Syracuse,  in  a  report  of  the  American  Bureau  of  Mines.*  Up 
to  the  time  of  his  visit  all  the  pits  and  shafts  had  been  sunk 
through  detrital  strata,  washed  down  from  the  adjoining  hills, 
and  frequently  inclosing  the  vestiges  of  both  animal  and  hu- 
man visits  to  the  spot.  Mastodon,  buffalo  and  other  bones ; 
Indian  hatchets,  arrowheads  and  rush  baskets,  but  above  all 
an  astonishing  quantity  of  pottery  fragments,  have  been  ex- 
tracted from  the  pits.  The  pots  doubtless  subserved  the  pur- 
pose of  salt-boiling;  human  handiwork  has,  however,  been 
found  so  close  to  the  surface  of  the  salt,  as  to  render  it  likely 
that  its  existence  in  mass  was  once  known,  before  the  time 
when,  in  1862,  Mr.  D.  H.  Avery  struck  the  salt  itself  at  the 
bottom  of  a  salt  water  well. 

The  surface  of  the  salt  undulates  considerably,  so  that  bor- 
ings commenced  at  different  levels  have  repeat^ly  struck  salt 
at  nearly  the  same  relative  depth,  the  absolute  level  of  the 
rock-salt  surface  varying  from  82  feet  below  to  If  feet  above 
tide-level.    The  salt  stratum  has  itself  been  penetrated  to  the 

*  On  the  Took-salt  deposit  of  Petite  Anse,  New  York,  1887. 
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depth  of  38  feet,  without  any  perceptible  variation  in  quality ; 
its  *^ floor"  being  as  yet  unknown.  Dr.  Gossmann's  observa- 
tions and  specimens  proved  to  his  and  my  satisfaction  the 
existence  of  the  Orange  Sand  on  the  island ;  but  its  relation 
to  the  rock-salt,  and  the  age  of  the  latter,  remained  undeter- 
mined. 

Since  then,  another  shaft  has  been  sunk  by  Mr.  Chouteau  of 
St.  Louis,  with  the  assistance  of  Mr.  Dudley  Avery,  to  whom 
I  am  indebted  for  a  record  of  the  strata  penetrated.  This 
shaft  was  located  at  a  higher  level  than  any  previously  sunk, 
on  a  hillside  where,  not  far  off,  the  Orange  Sand  crops  out  in 
sUu.  After  passing  through  these  strata  the  rock-salt  was 
struck  again,  at  a  level  several  feet  higher  than  on  any  former 
occasion. 

There  can  therefore  be  no  doubt  that  the  salt  deposit  is 
older  than  the  Orange  Sand,  which  here,  as  at  Weeks's  Island, 
forms  the  nucleus  of  the  mass  on  whose  outer  slope,  as  well  as 
its  higher  points,  the  strata  of  the  Port  Hudson  profile  re- 
i^pear  characteristically ;  with  calcareous  nodules,  fresh-water 
shells  and  aquatic  plants  identical  with  living  species.  Not 
only  is  the  reference  level  of  the  cypress  stump  stratum  the 
same  as  elsewhere,  but  the  green  clay  band.  No.  4  of  the  Port 
Hudson  profile,  is  also  there. 

The  stratigraphical  disposition  of  these  deposits  was  quite 
remarkable.  They  conform  not  to  the  strcUa^  but  measurably 
to  tiie  outUne  of  the  Orange  Sand  nucleus,  roughly  following 
its  slopes  and  curvatures.  At  first  sight  therefore  it  seems  as 
though  a  local  upheaval  had  taken  place,  and  hence  arose, 
probably,  the  reports  attributing  a  volcanic  origin  to  these  ele- 
vations, whose  isolated  position  in  the  level  coast  region  would 
naturally  give  rise  to  speculation  as  to  their  mode  of  formation. 
Indeed  the  extent  to  which  these  strata  are  sometimes  seen  to 
dip  rather  staggers  the  observer ;  but  the  upheaval  hypothesis 
does  not  explain  the  facts,  unless  we  are  content  to  assume  a 
separate  effort  of  the  sort  for  every  hillock  on  the  islands. 

There  can  be  no  doubt  that  subsidence  subsequent  to  depo- 
sition has  been  the  cause  of  the  extravagant  dips  observed 
sometimes.  Where  the  Port  Hudson  series  is  more  immedi- 
ately superimposed  upon  the  Orange  Sand  nucleus  the  dips 
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are  moderate,  and  such'  as  may  well  be  assumed  as  resaltmg 
from  deposition  on  inclined  surfaces.  But  when  we  see  an 
apparently  undisturbed  claynstratum  moving  down  hill  like  a 
glacier,  so  as  to  overthrow  a  deposit  of  loose  stones,  we  need 
not  go  far  to  find  the  cause  of  extensive  dislocation  and  sub- 
sidence. 

BELLE  ISLE   ANP   MILLEB'S   ISLAND. 

All  the  data  I  have  been  able  to  collect  concerning  the  struc- 
ture of  these  exterior  islands  tend  to  confirm  the  probable 
supposition  that,  like  the  three  interior  ones,  they  consist  of 
denuded  nuclei  of  Orange  Sand  materials,  upon  which  the  Port 
Hudson  series  was  afterwards  deposited. 

It  seems  likely  that  the  same  is  true  of  a  low  ridge  called 
Cote  Gel6e,  in  Lafayette  parish,  bearing  N.  or  N.  N.  E.  Tho- 
massy  places  in  the  same  category  the  Grand  Coteau  des  Ope- 
lousas  and  the  Avoyelles  prairie. 

AGE   OF  THE   SALT   DEPOSIT. 

The  Orange  Sand  strata  so  rarely  approach  the  coast  that 
the  deposits  underlying  them  in  the  Coast  region  have  scarcely 
been  observed  with  certainty.  Even  the  older  strata  underly- 
ing the  blue  stump  clay  have  been  observed  at  a  few  points 
only,  viz. :  by  the  Delta  Survey  in  the  bed  of  the  Mississippi 
river  at  Bonnet  Carre  and  CarroUton,  near  New  Orleans ;  at 
the  latter  city  itself,  in  the  boring  of  wells ;  at  Salt  Point,  on 
Bayou  Sall6 ;  and  on  the  coast  of  Mississippi  Sound. 

The  strata  penetrated  in  the  borings  at  New  Orleans  are 
considered  by  Sir  Charles  Lyell  as  Delta  Deposits.  But  ac- 
cording to  my  examination  they  are  almost  throughout  demon- 
strably of  marine  origin,  and  while  the  species  they  contain 
are  mostly  (not  all)  now  known  to  be  living  on  the  Gulf  coast 
yet  the  prevalence  of  species  is  very  different  £h)m  that  now 
observed  near  the  mouths  of  the  Mississippi.  In  this  respect 
the  fauna  of  these  strata  shows  a  great  analogy  to  those  de- 
scribed as  Pliocene  by  Tuomey  and  Holmes,  occurring  on  the 
Carolina  coast. 

It  is  most  probable  that  the  rock-salt  of  Petite  Anse  will  be 
found  when  pierced,  to  be  imbedded  in  the  equivalents  of  the 
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deposits  penetrated  at  New  Orleans  and  Bayou  Sall6,  and  of 
corresponding,  probably  early  quaternary,  age  anterior  to  the 
drift  or  its  southern  representative,  the  Orange  Sand. 

ORIGIN   AND   EXTENT   OF  THE   SALT   DEPOSIT. 

The  absence  of  layers  of  the  usual  impurities  of  rock-salt, 
especially  of  gypsum,  has  induced  Dr.  Gossmann  to  suppose 
that  it  is  not  the  result  of  the  evaporation  of  sea-water,  but 
owes  its  formation  to  crystallization  from  the  purer  brine  of 
salt  springs. 

Our  knowledge  of  the  facts  is  still  too  limited  to  render  a 
discussion  of  this  point  very  profitable.  In  a  very  deep  lagoon, 
withdrawn  from  the  infiux  of  the  tides  after  the  brine  had 
acquired  a  considerable  degree  of  concentration,  all  the  gyp^ 
sum  might  be  found  in  a  single  bed  at  the  bottom ;  upon  it  a 
large  mass  of  pure  salt,  as  in  the  present  case ;  while  the  salts 
of  the  mother  waters  would  naturally  have  been  washed  away 
from  the  top.  Or  there  might  have  been  a  succession  of  la- 
goons communicating  with  each  only  during  high  tides,  and 
acting  in  a  manner  analogous  to  the  process  now  practiced  in 
salt-making  on  the  sea-shore.  The  gypsum  would  then  all 
have  been  deposited  in  the  outer  lagoons,  while  the  inner  ones 
would  have  acted  as  brine-pits,  where  pure  salt  alone  could 
crystallize.  Crystals  of  gypsum  have  repeatedly  been  found 
in  shallow  wells  on  the  coast  beneath  the  ^' stump  clay." 

Upon  any  of  the  foregoing  suppositions,  calling  into  play  a 
variety  of  circumstances  not  likely  to  be  all  simultaneously 
falfiUed,  it  does  not  seem  probable  that  the  rock-salt  mass  is 
very  extensive  horizontally,  or  that  such  masses  should  occur 
frequently  in  the  coast  region. 

A  mass  of  salt  144  acres  in  extent  and  38  feet  thick  is,  how- 
ever, a  handsome  specimen,  even  if  these  dimensions  should 
represent  maxima.  The  great  difficulty  in  mining  it,  hereto- 
fore, has  been  the  influx  of  water  through  the  gravelly  strata 
overlying.  But  it  has  most  probably  been  attacked,  thus  far, 
at  its  lowest  surface  level.  Wherever  elsewhere  the  Orange 
Sand  formation  prevails,  it  rests  on  a  deeply  denuded  surface ; 
and  "hills  within  hills"  are  of  very  common  occurrence. 
From  the  dati^  thus  far  obtained  it  appears  that  the  same  is 
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the  case  with  the  rock-salt  mass,  and  that  its  surface  roaghly 
conforms  to  the  hills  and  valleys  now  existing.  Workings 
should  be  begun  at  higher  levels ;  and  it  would  not  surprise 
me  to  learn  that  the  auger  had  shown  the  mass  to  be  accessible 
by  level  adits  in  lieu  of  shafts,  on  the  hillsides.  The  interior 
of  the  solid  mass  once  gained  from  a  point  secure  from  surface 
water,  all  difficulty  would  be  at  an  end. 

.    GEOLOGICAL  HISTORY  OF  THE  LOWER  MISSISSIPPI  VALLEY. 

It  appears  from  the  facts  stated  in  the  preceding  pages,  that 
after  the  termination  of  the  epoch  of  that  Eocene  period, 
represented  by  the  Vicksburg  group  of  fossils,  down  to  the 
Quaternary  era,  marine  deposits  ceased  to  be  formed  on  the 
northern  border  of  the  basin  now  represented  by  the  Gulf  of 
Mexico. 

I  have  acquired  the  certainty  of  the  existence  over  a  lai^e 
portion  of  northern  Louisiana  of  the  "  Grand  Gulf"  series  of 
rocks.  From  specimens  in  the  collection  of  the  New  Orleans 
Academy  of  Sciences,  it  appears  that,  apart  from  the  usual 
materials  forming  these  beds  in  Mississippi,  they  assume  in  the 
Harrisonburg  region  the  character  of  compact  limestone,  which 
in  places  is  said  to  be  fossiliferous,  and  would  thus  furnish  the 
clue  to  the  age  of  the  Grand  Gulf  group  for  which  I  have 
vainly  sought  in  Mississippi.  The  problem  is  one  of  great 
interest,  as  it  involves  the  question  whether  or  not  the  Mexican 
gulf  has,  within  comparatively  modem  times,  been  discon- 
nected from  the  Atlantic  Ocean.  The  absence  of  the  caoldron 
in  which  the  Gulf  Stream  is  concocted  might  have  exerted 
climatic  influences  reaching  beyond  the  American  continent, 
and  would  explain  many  discrepancies  between  ancient  and 
modem  faunas  on  the  shores  of  the  Atlantic* 

It  appears  that  similar  limestones,  almost  assuming  the 
character  of  black  marble,  occur  in  St.  Landry  parish,  near 
Opelousas.  Whether  the  southern  outline  of  the  formation 
passes  thence  toward  the  Calcasieu  region,  where  petrolenm 
has  been  found,  or  whether  it  trends  north-westward  into  the 
parishes  of  Sabine  and  Natchitoches,  where  limestone  and 
sandstone  ridges  also  exist,  is  a  question  still  open.  Jn  the 
latter  case,  this  outline  would  conform  to  ihp  general  shore 
lines  of  the  great  cretaceous  and  tertiary  Mediterranean. 
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In  Mississippi  the  Grand  Gulf  series  is  mostly  overlaid  by 
the  Orange  Sand,  deposited  on  a  deeply  eroded  surface,  and 
bearing  itself  the  evidence  of  its  formation  by  fresh  water  in 
a  state  of  violent  flow.*  The  southern  outline  of  the  main 
body  of  the  Orange  Sand  runs  southward  of  Opelousas,  to- 
ward the  mouth  of  the  Sabine,  whence,  according  to  reliable 
information,  a  broad  band  of  shingle  extends  toward  Harrison- 
burg, Catahoula  parish.  This  belt  represents,  probably,  the 
most  westerly  bayou  of  the  great  Orange  Sand  Delta ;  whil^, 
as  heretofore  stated,  the  most  easterly  one  extends  from  the 
neighborhood  of  Cairo  along  the  western  shore  of  the  Ten- 
nessee river,  down  the  valley  of  the  Warrior  toward  the  coast 
of  Alabama.  The  middle  and  main  pebble  stream  evidently 
follows  in  general  the  course  of  the  Mississippi  River;  but 
leaving  it  at  the  point  where  that  river  suffers  its  remarkable 
deflection  eastward,  we  find  the  remnants  of  its  ancient  '^bar" 
in  the  chain  of  the  "  Five  Islands,"  which  lie  directly  across 
the  shortest  line  by  which  the  Mississippi  could  reach  the 
Gulf,  and  no  doubt  have  had  their  share  in  causing  this 
deflection. 

Both  the  size  of  the  pebbles  carried  by  this  middle  bayou, 
and  their  character  proving  transportation  from  high  northern 
latitudes,  show  it  to  have  been  the  main  channel  during  the 
Orange  Sand  epoch.  It  is  not  surprising,  therefore,  that  in 
the  direction  of  its  course  the  Orange  Sand  formation  should 
extend  farther  south  than  anywhere  else.  The  pebble-beds  are 
now  overlaid  by  fine  sandy  materials,  proving  a  diminished 
velocity,  owing,  doubtless,  to  a  general  depression,  but  greater 
at  the  north  than  at  the  south. 

While  the  lateral  bayous  descending  through  Ldtiisiana  and 
Alabama  were  closed  at  the  end  of  the  Orange  Sand  epoch,  it 
is  evident  that  the  central  channel  continued  open ;  inasmuch 
as  the  next  succeeding  deposit,  viz. :  the  Loess  lies  in  a  trough- 
shaped  depression  of  the  Orange  Sand  materials,  the  line  of 
contact  being  always  conformable  and  devoid  of  any  trace  of 
atmospheric  denudation.  The  perfect  peroxidation  of  the 
materials  of  the  Orange  Sand  would  seem,  nevertheless,  to 
point  to  a  certain  period  of  exposure  to  atmospheric  agencies, 

*  Am.  Jour.  Sol.,  May,  1806;  Miss.  Rep.,  1800,  p.  90  and  foUowing. 
A.  A.  A.  8.  VOL.  XVn.  48 
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caused  by  a  temporary  diminutioii  of  the  influx  of  northern 
waters,  through  the  cessation  of  subsidence,  perhaps. 

During  this  epoch  of  quiet  might  have  begun  the  formation 
of  those  extensive  swamp  and  lagoon  deposits,  the  lower  mem- 
bers of  the  Port  Hudson  series,  whose  floor  stratum  with  its 
superimposed  generations  of  cypress  stumps,  indicate  a  slow 
secular  subsidence.  The  velocity  of  the  latter  seems  gradually 
to  have  increased  until  the  growth  of  old  trees  became  impos- 
sible, and  finally,  in  stratum  No.  3  of  the  Port  Hudson  profile, 
we  again  meet  the  evidences  of  currents  moving  sand,  pebbles, 
and  drift-wood. 

Then  follows  the  Loess  proper,  a  deposit  utterly  devoid,  in 
Mississippi  and  Louisiana,  of  any  evidences  of  fluviatUe  action 
— a  uniform  silt  even  in  profiles  of  eighty  feet,  with  scarcely  a 
vestige  of  stratification,  and  none  but  terrestrial  fossils. 

The  precise  circumstances  under  which  such  a  deposit  could 
be  formed,  are  perhaps  a  little  obscure.  There  must  have  been 
such  a  depression  of  the  whole  country  as  to  transform  the 
immediate  valley  of  the  Mississippi,  as  far  as  Keokuk,  as  well 
as  the  valleys  of  the  larger  tributaries,  into  estuaries  of  the 
Gulf  of  Mexico,  containing  a  mass  of  water  too  great  to  be 
sensibly  affected  by  the  variations  now  causing  the  annual 
overflows  of  those  rivers  (for  otherwise  the  deposit  must  have 
shown  lines  of  deposition),  yet  possessing  a  gentle  flow  above 
(since  the  materials  of  the  bluff  formation  of  Missouri  and 
Indiana  exhibit  signs  of  fluviatile  action)  ;  quite  fresh  in  its 
upper  portions  (where  fluviatile  shells  are  found),  but  rendered 
imfit  for  the  life  of  either  a  fresh  or  salt-water  fauna  by  an 
admixture  of  searwater,  in  its  lower  and  almost  sti^nant  por- 
tion, at  tide*level ;  and  deriving  its  vestiges  of  animal  life  only 
from  the  '^ offscourings"  of  the  adjoining  unsubmerged  lands^ 

Sir  Charles  Lyell*  inclines  to  consider  the  Loess  as  the 
product  of  ^^  successive  inundations  of  a  great  river,"  the  ab- 
sence of  stratification  from  such  deposits  having,  apparently, 
an  analogue  in  the  alluvial  deposit  of  the  Nile.  But  the  case 
is  far  from  being  analogous ;  for  the  same  phenomena  are  still 
observed  in  the  modem  deposits  of  the  Nile,  and  are  clearly 
attributable  to  the  peculiarities  of  the  hydrographic  basin  of 

*PrincipleB  of  Geology,  lOth  edition,  p.  464. 
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that  river ;  whereas,  in  the  modem  allaviam  of  the  Mississippi, 
it  is  exceedingly  difficult  to  find  a  uniform  stratum  two  feet  in 
thickness.  The  Nile  mud  is  each  year  derived  from  the  same 
rivers  of  Abyssinia,  and  equalized  by  intermixture  and  sub- 
sidence during  at  least  1500  miles  of  its  course.  On  the 
Mississippi,  on  the  contrary,  the  deposits  of  different  annual 
inundations  are  readily  distinguished  by  the  inhabitants  for 
years  afterward,  according  as  the  Illinois,  the  Missouri,  Ohio, 
Arkansas  or  Red  River  happen  to  have  fUmished  the  nu^n 
influx.  The  absence  of  any  such  differences  from  the  Loess 
can  only  be  explained  on  the  assumption  that  the  mass  of 
water  filling  the  channels  was  too  great  to  be  sensibly  affected 
by  such  causes,  the  more  so  as  the  continental  surface  was 
sensibly  diminished  in  consequence  of  a  depression  which,  as 
far  south  as  Fort  Adams,  cannot  have  been  less  than  400  feet, 
and  on  the  coast  not  less  than  200,  but  more  probably  the 
same  as  farther  above. 

The  existence  of  the  elevations  on  the  Louisiana  coast,  above 
described,  renders  it  necessary  to  assume  that  at  the  end  of  the 
period  of  depression — the  '^Champlain  epoch" — the  entire 
delta-plain  (so  called)  west  of  the  Mississippi  was  covered  by 
the  deposits  of  the  Orange  Sand  and  Port  Hudson  series  to  an 
equal  height ;  and  that  during  the  succeeding  '^ Terrace  epoch" 
of  elevation,  the  veritable  Mississippi — our  Mississippi  — 
swept  away  these  deposits  in  excavating  its  present  valley. 
At  first  it  might  sweep  over  or  through  the  pebble  ridge,  but 
would  finally  turn  to  the  direction  of  least  resistance,  leaving^ 
the  "  Five  Islands"  high  and  dry. 

It  would  thus  seem  that,  unlike  other  large  rivers  of  the 
world  which  have  from  the  outset  added  to  the  land  by  bring- 
ing down  the  materials  to  form  their  alluvial  plain,  the  Missis- 
sippi has  first  formed  by  denudation  the  plain  which  it  was 
subsequently  to  cover  with  its  alluvial  deposits  to  a  compara- 
tively inconsiderable  depth.  The  western  and  southern  limits 
of  this  denuding  action  would  seem  to  be  marked  by  the  Grand 
Coteau  des  Opelousas,  the  Cote  Gel6e  and  the  Five  Islands ; 
and  the  materials  swept  away  from  this  area  doubtless  con- 
tributed largely  to  form  the  foundations  of  the  truly  alluvial 
plain  extending  south  and  south-eastward  of  lakes  Maurepas, 
Pontchartrain  and  Borgne. 
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It  is  obvioas  bow  futile  must  be  all  attempts  to  estimate 
tbe  age  of  tbe  Mississippi  river  in  absolute  measure,  by  a  com- 
parison of  tbe  advance  of  its  present  delta  into  tbe  Gulf,  vrith 
tbe  distance  of  its  moutb  from  tbe  divergence  of  bayous 
Flaquemine  or  Mancbac.  Wben  tbe  broad  flood  of  tbe  Ter- 
race epocb  contracted  into  tbe  present  Mississippi,  tbat  stream 
emptied  into  a  sea  rendered  sballow  by  tbe  deposition,  witbin 
a  comparatively  sbort  period,  of  a  buge  amount  of  material. 
Witbin  sucb  a  sea  its  cbannel  would  be  likely  to  cbange  about, 
somewbat  like  tbose  of  tbe  great  rivers  of  Cbina.  Now^  it  is 
advancing  into  the  deep  water  of  tbe  Gulf  of  Mexico,  but  at 
a  very  different  rate,  and  by  a  very  different  process  from  tbat 
of  simple  alluvion.  But  tbe  questions  pertaining  to  tbis  por- 
tion of  tbe  subject,  together  with  tbe  results  of  my  observa- 
tions in  tbe  Delta  proper,  I  propose  to  discuss  at  a  fUture  time. 


11.  Observation  on  the  Red  Quartzite  Boulders  op  West- 
ern Iowa,  and  their  original  ledges  of  Red  Quartzite 
IN  Iowa,  Dakota  and  Minnesota.  By  C.  A.  White,  M.  D., 
of  Iowa  City. 

Profusely  scattered  among  the  drift  material  of  western 
Iowa,  are  fragments  and  sometimes  large  masses  of  very  bard 
red  quartzite,  so  constant  in  its  physical  characters  and  appear- 
ance, and  so  different  from  any  other  variety  of  rock  contained 
in  the  drift  as  to  readily  attract  attention. 

Judging  from  published  descriptions  of  the  rocks  observed 
by  various  persons  in  eastern  Dakota  and  south-western  Min- 
nesota, I  ventured  to  suggest  in  an  article  published  in  tbe 
May  number  of  the  "American  Journal  of  Science  and 'Arts'* 
for  1867,  tbat  tbe  red  quartzite  boulders  of  the  drift  of  west- 
em  Iowa  were  derived  from  those  rocks,  while  tbe  associated 
granitic  and  other  boulders  bad  a  still  more  northern  origin. 
While  continuing  my  observations  to  north-western  Iowa  dur- 
ing the  present  summer,  it  has  been  my  good  fortune  to 
determine,  in  a  great  degree,  tbe  eastern  limit  of  distribution 
of  those  quartzite  boulders,  and  to  confirm  my  opinion,  then 
expressed,  by  tracing  those  boulders,  step  by  step,  to  their 
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original  homes  in  the  ledges  of  rock  which  occupy  the  region 
before  referred  to,  and  to  find  the  granitic  boulders  resting 
upon  those  ledges  where  they  had  been  arrested  in  their 
icy  journey  from  still  more  northern  homes,  and  almost 
within  the  very  grooves  they  themselves  had  made  upon  the 
quartzite. 

The  first  exposure  of  the  quartzite  in  situ  was  found  in  the 
extreme  north-east  comer  of  Iowa,  where  its  outcrop  makes  a 
slight  fall  in  the  Big  Sioux  River ;  the  same  exposure  extend- 
ing eastward  about  a  quarter  of  a  mile  to  the  point  where  the 
surveyors  have  placed  a  post  of  the  same  rock  to  mark  the 
south-west  comer  of  Minnesota. 

The  rock  is  distinctly  stratified  and  has  a  dip  here  of  six  or 
eight  degrees  to  the  northward.  Northward  from  this  point, 
particularly  near  the  Big  Sioux  River,  the  same  rock  is  fre- 
quently exposed.  At  Sioux  Falls,  about  eight  miles  in  a 
straight  line  from  the  last  named  locality,  the  rock  has  the 
finest  exposiure  yet  seen.  Here  by  measurement  and  estimate 
of  the  dip,  which  is  here  four  or  five  degrees  to  the  southward, 
we  found  a  thickness  of  about  three  hundred  feet.  Upon  visit- 
ing the  red  pipestone  quarry,  thirty-five  miles  north-northeast- 
ward from  Sioux  Falls,  we  find  the  same  rock  enclosing  the 
layer  of  red  pipestone. 

Dr.  Hayden  and  others  have  shown  that  this  rock  occupies 
a  large  area  in  this  region,  but  it  seems  that  no  one  has  here- 
tofore proven  that  it  was  the  original  deposit  of  those  red 
quartzite  boulders  so  common  in  western  Iowa  and  eastern 
Nebraska. 

Very  distinct  glacial  scratches  were  seen  in  many  places 
upon  the  surface  of  this  hard  quartzite,  the  direction  of  which 
vary  in  different  places  from  five  to  twenty-five  degrees  both 
east  and  west  of  south,  indicating  no  doubt  mere  local  shifb- 
ings  of  the  glacial  current. 

At  the  red  pipestone  quarry  a  group  of  four  or  five  immense 
granite  boulders,  known  in  Indian  legends  as  the  "  Medicine 
Bocks,"  rest  upon  the  surface  of  the  quartzite  which  they  and 
others  have  so  smoothed  that  the  Indians  have  long  used  the 
surface  to  trace  hundreds  of  hierogl3rphic  figures  upon,  by 
pecking  it  with  sharp  pointed  stones. 
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In  another  place  the  direction  in  which  the  glacier  was  mov- 
ing is  clearly  indicated  by  the  splintered  condition  of  the  flinty 
rock  on  the  proximal  or  northern  side  of  vertical  cracks  and 
fissures  in  the  mass,  while  on  the  distal  or  southern  side  the 
angle  formed  by  the  vertical  and  upper  surfaces  was  always 
found  complete.  This  effect  could  not  be  produced  with  the 
same  distinctness  upon  a  softer  or  less  flinty  rock. 

No  opinion  as  to  the  geological  age  of  these  rocks  is  yet 
matured,  but  they  are  known  to  be  older  than  the  Inoceramus 
beds  of  Cretaceous  age.  After  dilligent  search  in  every  local- 
ity visited,  as  well  as  in  hundreds  of  the  glacier-moved  masses, 
I  have  failed  to  find  any  trace  or  resemblance  of  any  fossil 
whatever. 

It  is  worthy  of  remark,  however,  that  it  is  metamorphism 
alone  that  makes  the  quartzite  lithologically  different  from  the 
sandstones  and  ferruginous  conglomerates  of  the  Dakota 
group  as  seen  in  Iowa  and  elsewhere,  while  chemically  they  are 
in  no  essential  degree  different. 

Those  sandstones  contain  an  occasional  thin  bed  of  clay, 
such  no  doubt,  as  the  pipestone  originally  was,  and  the  same 
metamorphic  action  that  converted  the  sandstone  into  a 
quartzite,  doubtless  also  made  the  clay  a  pipestone. 


12.   On  the  Old  Lake  Beds  op  the  PRAmiE  Region.    By 
Samuel  Jacob  Wallace,  Keokuk,  Iowa,  1868. 

The  prairie  region  of  central  North  America,  is  not  a  mere 
surface  formed  from  sets  of  level  continuous  strata  eroded  into 
such  forms  as  drainage  will  produce. 

They  are  spread  over  series  of  great  swells  of  elevation  and 
intermediate  or  enclosed  basins,  with  river  systems  marking 
their  lowest  lines  of  flexion,  and  worn  outlets  from  the  basins. 

These  general  basins  contain  the  coal  field  and  other  depos- 
its formed  before  the  wearing  down  of  the  river  ways. 

Besides  the  system  of  basins  forming  the  declines  frx>m  the 
general  elevations,  slopes  and  swells,  on  which  the  surface  and 
common  strata  are  spread,  there  is  another  type  of  depressions, 
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of  more  limited  and  definite  boundaries,  but  less  explicable 
origin. 

These  are  usually  referred  to  water-way  erosions,  without 
satisfactory  explanation.  Their  forms  are  often  extensions  of 
greater  or  less  length,  from  five  to  twelve  miles  wide,  with 
remarkably  direct,  almost  parallel  and  corresponding .  bluff 
side  walls,  lying  at  or  near  the  low  lines  between  great  slopes 
of  drainage.  They  are  abrupt  depressions  of  perhaps  one  to 
two  hundred  feet,  by  the  discontinuance  of  solid  strata  and 
drift.  Their  floors  are  often  flat  lacustrine  beds ;  in  places, 
sand*.  Many  have  evidently  formed  lakes  before  the  cutting 
down  of  the  outlets,  subsequent  to  the  drift,  and  elevation  of 
the  surrounding  country.  Their  form  and  position  causes  them 
to  be  occupied  by  general  or  local  drainage  ways ;  but  without 
evident  correspondence  between  their  space  and  the  general 
importance  of  the  streams  traversing  them,  which  vary  from 
almost  nothing,  up  to  the  largest  rivers. 

Two  principal  instances  of  these  depressions  will  be  noticed. 
Both  lie  with  their  lines  of 'extention  near  a  north  and  south 
course.  They  form  great  curves  to  opposite  sides.  There  is 
no  apparent  connection  or  system  between  them.  The  Mis- 
sissippi River  flows  through  one  and  partly  through  the  other. 
Their  north  ends  are  both  against  east  and  west  bluffs. 

On  the  northern  head  bluff  of  one  is  the  city  of  Muscatine, 
Iowa.  After  a  length  of  fifty  miles  this  depression  abruptly 
abuts  on  another  east  and  west  bluff,  at  Dallas,  Illinois. 

Six  or  eight  miles  to  the  south-west  from  the  south  end  of 
the  first  is  a  short  depression  six  or  eight  miles  across  each 
way,  in  Iowa,  west  of  Nauvoo,  Illinois,  connected  with  the  first 
by  a  westward  river  channel ;  apparently  worn  down  from  an 
east  and  west  trough  of  general  curvature,  like  others  south- 
ward in  the  vicinity. 

Still  beyond  the  last,  to  the  south-west  six  or  eight  miles 
across  broken  high  lands,  is  the  north  end  of  the  second  main 
depression.  This  has  no  connection  with  the  first.  It  is  in  the 
State  of  Iowa,  twelve  miles  north-west  of  the  city  of  Keokuk. 
The  Desmoines  River  enters  it  near  this  point,  from  a  small 
channel,  partly  worn,  between  the  hills  from  the  north-west. 
The  Mississippi  River  enters  it  at  Keokuk  through  a  channel 
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of  evident  erosion  of  a  mile  wide,  from  the  north-east  and 
north ;  but  without  noticeable  impression  npon  it.  Its  course 
is  south  for  fifty  miles,  then  turning  south-east,  with  a  width 
of  five  to  eight  miles,  increasing  to  from  eight  to  twelve,  and 
a  whole  length  of  over  a  hundred  miles. 

The  Illinois  River  fiows  through  such  depressions ;  and  they 
exist  at  various  places  over  the  country,  but,  apparently,  are 
not  yet  fhlly  traced  out  by  surveys.  We  find  them  occupied 
by  creeks  and  by  small  rivers,  as  chance  seems  to  determine. 

The  eroding  power  of  drainage  streams,  as  indicated  by  the 
larger  rivers  where  they  have  clearly  worn  ont  channels,  as- 
sisted often  by  rapids,  shows  no  sort  of  relationship  to  these 
spaces  where  great  beds  of  horizontal  solid  strata  disappear 
over  areas  scarcely  conformable  to  the  idea  of  stream  erosion. 
I  can  point  out  no  proper  cause  for  them,  but  I  must  rest  in 
directing  attention  to  the  real  nature  of  the  facts.  * 

*I  have,  to-daj,  Jnne  21  st,  1869,  with  my  Mend  Dr.  Geo.  M.  Kellogg,  examined 
the  old  river  shingle  of  angular  Keokak  limestone  fhigmentB,  oyerlying  the  Drift 
formation  on  the  gentiy  sloping  river  face  of  the  bluif  in  this  city.  It  is  at  a  height, 
I  suppose,  of  Arom  sixty  to  ninety  feet  above  the  present  river  level.  And  is  on 
the  biuff  curve  toward  the  second  main  lake  bed  above  described.  This  probably 
shows  a  former  depth  of  nearly  so  much  to  the  lake.  Dr.  Kellogg  has  heretofore 
viewed  this  shingle  as  indicating  an  ancient  fall  at  this  place.  But  I  see  no  indi- 
cations that  the  fUl  was  not  below  the  lake,  a  hundred  mUes  away. 
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*The  papers  under  this  head  were  also  read ;  of  most  no  copy  has  1>een  reoeiyed 
for  pnbUoation;  of  others  it  was  voted  that  the  title  only  ahonld  be  printed.  No 
BoHoe,  even  6y  titiej  is  taken  of  articles  not  approved. 
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37.  Experiment  Illustrating  the   Flow  of 
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38.  The  Recent  Contributions  of  Science 
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tained, 
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Thelline ;  their  Phase,  Development, 
Circuit  and  Generation,   . 

41.  Spermatic  Phenomena.    The  Paludal 

Endogens  a  Class  Intermediate  be- 
tween Endogens  and  Exogens, 

42.  On  the   Mathematical    Investigations 

mlide  for  the  Construction  of  the 
Illinois  and  St.  Louis  Bridge, 

43.  On  a  Method  of  Measuring  very  Small 

Rectilinear  Motions, 

44.  Relations  of  the  Metamorphoses  of  the 

Phosphates*to  Waste  and  Repair,     . 

45.  Economy  in  the  Conversion  of  Beef 

into  Food,    '^ 

46.  Remarks  on  the  Galvanic  Battery, 

47.  On  a  proposed  new  Mechanism  for  the 

study  of  Galvanic  Batteries,    . 

48.  Remarks  on  the  total  Disturbance  of 

the  Barometrical  Column, 
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HISTORY  OF  THE  MEETING. 

The  Seventeenth  Meeting  of  the  American  Association  for  the 
Advancement  of  Science  was  held  at  Chicago,  Hlinois,  commencing 
on  Wednesday,  Angnst  5th,  and  continuing  to  Wednesday  Noon, 
August  12th. 

Two  hundred  and  fifty-nine  names  are  registered  in  the  book  by 
members  who  attended  this  meeting.  Four  hundred  and  seventy-five 
new  members  were  chosen,  of  whom  two  hundred  and  sixty-one  have 
signified  their  acceptance  by  paying  the  annual  assessment,  and,  when 
practicable,  signing  the  Constitution. 

One  hundred  and  fifty-one  papers  were  presented,  most  of  which 
were  read,  and  some  of  them  discussed  at  great  length. 

The  sessions  of  the  Association  were  held  partly  In  the  Library 
Hall  of  the  Young  Men's  Association  and  other  rooms  of  the  same 
building,  and  partly  in  the  Lecture  Rooms  of  the  First  Baptist  Church. 

At  about  10  o'clock  a.m.  on  Wednesday  the  members  were  called 
to  order  by  Ex-President  Newberry,  who  spoke  as  follows : 

Chntlemen  of  the  Association :  The  time  has  arrived  to  which  we 
adjourned  at  our  meeting  last  year,  and  it  is  my  duty  to  call  you  to 
order  for  the  organization  of  the  Seventeenth  Meeting  of  the  Associ- 
ation. As  the  last,  and  perhaps  the  most  agreeeble  part  of  my  official 
duty,  I  take  pleasure  in  introducing  to  you  the  President  elect  and  my 
successor,  Professor  B.  A.  Gould. 

Dr.  Gould  then  said : 

Gentlemen  of  the  Association :  It  has  been  for  many  years  the  cus- 
tom of  our  Association,  before  entering  npon  its  proceedings,  to  ask 
the  Divine  blessing,  and  I  will  call  npon  the  Rev.  Dr.  R.  W.  Patter- 
son, of  this  city,  to  offer  prayer. 

Prayer  was  then  offered  by  Dr.  Patterson. 

A.  A.  A.  8.  VOL.  XVU.  45  (853) 


354  EXECUTIVE   PROCEEDINGS. 

The  Hon.  J.  Y.  Scahmon  then  delivered  an  address  of  welcome 
as  follows: 

Mr.  President  and  Gentlemen  of  the  American  Association  for 
THE  Advancement  of  Science  : 

The  pleasant  duty  of  addressing  words  of  welcome  to  yon  has  been 
assigned  to  me.  They  would  come  more  appropriately  Arom  Mr. 
George  C.  Walker,  the  devoted  President  of  the  Chicago  Academy  of 
Sciences,  to  whose  exertions  the  city  of  Chicago  is  greatly  indebtecT 
for  the  inresent  condition  of  that  institution.  But  as  he  declined  to 
relieve  me  of  this  duty,  on  his  behalf  and  that  of  the  Chicago  Acad- 
emy of  Sciences,  the  Local  Committee  and  the  citizens  of  the  Garden 
of  the  Lakes,  I  bid  you  welcome ;  and  while  we  extend  to  you  the 
hospitalities  of  the  city  and  its  citizens,  we  thank  you  for  appointing 
this  meeting  of  the  Association  in  Chicago..  We  are  a  republican 
people,  with  no  boasts  of  ancestry  or  hereditary  distinction.  Our 
community  is  composite,  representing  the  nationality  of  every  country 
in  Europe,  with  a  slight  trace  of  Asia,  AMca  and  the  Isles  of  the 
ocean.  In  this  fact  we  find  occasion  for  the  greatest  hopes  for  the 
ftiture,  for  so  far  as  a  nation  or  people  represents  imiversal  humanity 
is  its  own  capacity  for  perfection.  The  English  language  is  stronger 
and  richer  than  any  other,  because  it  is  indebted  to  many  different 
sources  for  its  form  and  character,  and  the  power  of  Great  Britain  is 
doubtless  greatly  owing  to  the  fact  that  its  population  is  more  fblly  a 
representative  of  the  various  nations  of  the  world  than  any  other 
country  in  Europe.  If  this  be  so  we  may  hope  that  the  city  of  Chi- 
cago, and  the  country  of  which  it  is  the  centre,  will,  in  time,  present 
one  of  the  fUUest  developments  of  humanity.  In  this  city,  the  land 
of  which  was  only  surveyed  into  lots  in  1830,  and  which  now  has  a 
population  of  over  a  quarter  of  a  million,  there  are  more  languages 
spoken,  perhaps,  than  in  any  other  American  city,  and  Northern  and 
Western  Europe  are  most  fUUy  represented  in  its  periodical  press; 
and  it  is  fit  and  becoming  that  your  Association,  that  has  for  its 
objects  <Hhe  advancement  of  science  by  periodical  and  migratory 
meetings,  to  promote  intercourse  between  those  who  are  cultivating 
science  in  different  parts  of  North  America,  to  give  a  stronger  and 
more  general  impulse,  and  a  more  systematic  direction  to  scientific 
research  in  our  country  and  to  procure  for  the  labors  of  scientific  men 
increased  facilities  and  a  wider  useftdness,"  shoulcT  hold  its  meetings 
in  our  midst.  Our  scientific  and  literary  institutions  have  not  much 
to  present  beyond  the  foundation  stones,  but  as  II  n*y  a  que  le  premier 
pas  qui  coute,  we  rejoice  that  we  can  show  you  a  beginning  not  un- 
worthy of  a  city  of  thirty  years.  We  make  no  boast  of  our  position 
or  prowess,  though  we  cannot  fail  to  acknowledge  in  thankfulness  and 
gratitude  the  abundance  which  crowds  upon  us  and  the  fiusilities 
which  are  at  our  doors.    We  are  surrounded  by  the  granaries  of  the 
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world,  and  if  the  cattle  of  the  thousand  hills  are  not  ours,  the  herds 
abont  us  are  more  than  the  hills  could  hold.  We  look  out  upon  a 
great  interior  ocean,  upon  whose  surface  float  the  white  sheets  of 
commerce,  and  we  are  connected  by  canals  and  iron  bands  in  all  di- 
rections. Our  growth  has  been  rapid,  yet  substantial,  and  probably 
no  other  city  ever  attained  equal  importance  Arom  voluntary  causes  in 
the  same  space  of  time.  We  are  an  outgrowth  and  development  of 
the  progress  and  science  of  the  nineteenth  century,  and  we  desire,  in 
welcoming  you,  to  recognize  the  great  movement  of  the  last  hundred 
years,  which,  passing  in  mighty  power  from  the  Old  World  to  the  New, 
penetrates  from  the  coast  to  the  interior,  Arom  the  surface  to  the  sub- 
stance, Arom  the  apparent  to  the  real,  which  elevates  science  Arom 
dead  matter  to  the  activity  of  real  life,  and  raises  man  fVom  a  beast  of 
burden  to  be  the  director  and  controller  of  all  things  below  him,  en- 
during, as  it  were,  physical  force  with  the  skill  and  activity  of  human 
hands.  Again,  Mr.  President  and  gentlemen,  I  bid  you  welcome,  and 
assure  you  that  all  we  can  do  to  make  your  session  among  us  agree- 
able and  useful  shall  not  be  wanting.  May  your  deliberations  be  har- 
monious, and  the  result  of  far-reaching  importance,  and  may  your 
assembling  in  this  city  again  not  be  long  delayed,  and  when  we  again 
meet  you  here,  the  course  of  empire,  in  its  rapid  march,  may  have 
travelled  so  far  that  we  can  no  longer  call  ourselves  a  Western  city. 
We  may  still  find  pleasure  in  repeating  the  lines  of  Bishop  Berkley 
on  the  prospects  of  planting  arts  and  learning  in  America. 

"Westward  the  course  of  empire  takes  its  way. 
The  four  first  acts  already  past. 
A  fifth  shall  close  the  drama  with  the  day. 
Time's  noblest  offspring  is  the  last" 

This  address  of  Mr.  Scammon  was  acknowledged  by  President 
Gould,  in  behalf  of  the  Members  of  the  Association,  js  follows : 

Mr.  Scammon  :  In  behalf  of  the  Association  which  I  have  the  honor 
to  represent  on  this  occasion,  let  me  express  our  hearty  thanks  for  the 
words  of  welcome  we  have  heard,  and  for  the  deeds  which,  forerun- 
ning your  words,  have  given  token  of  their  sincerity.  It  is  a  source 
of  delight  to  us  that  we  are  assembled  in  your  noble  city ;  and  this 
delight  has  been  enhanced  a  hundred  fold  by  the  cordiality  and  hos- 
pitality with  which  we  have  been  welcomed.  For  we  all  know  that 
this  hearty  welcome  is  not  due  to  our  possession  of  those  gifts  or 
honors  which  the  world  prizes.  We  are  indebted  for  it  to  no  repute 
of  wealth,  or  power,  or  influence.  We  are  hard-working  men  of  sci- 
ence, whose  lives,  thoughts  and  energies  are  given  to  pursuits  which 
the  world  deems  shadowy  and  ftnitless,  and  which  are  certainly  un- 
remunerative  in  the  world's  goods.  We  are  not  aspirants  for  the 
honors  of  the  forum,  or  the  tribune,  or  the  market-place.  Most  of  us 
may  not  even  look  to  that  well-deserved  recognition  which  awaits  the 
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saccessAil  teacher.  Bat  we  are  fenrently  and  hopefully  seeking  to 
extend  the  bounds  of  human  knowledge,  and  to  contribnte,  each  of  ns, 
something  at  least  towards  the  progress  of  our  race. 

We  cannot  bat  prize  that  welcome  most,  which  is  offered  os  becaose 
of  oar  alms  and  straggles  in  behalf  of  the  cause  which  we  hold  dear- 
est. And  we  find  additional  gratification  because  it  comes  fh>m  one 
whose  name  is  associated  with  deeds  of  munificence  in  this  cil7,  and 
whose  liberality  has  established  its  obsenratory,  equipped  with  the 
largest  refracting  telescope  in  use  in  any  public  observatory  of  the 
world. 

Once  more,  sir,  accept  our  grateAil  thanks  for  the  many  acts  of 
thoughtful  kindness  shown  us  by  the  Local  Committee  and  the  citi- 
zens of  Chicago,  and  for  your  cordial  words. 

Then,  addressing  the  Association,  the  President  said : 

Gentlemen  of  the  American  Association  for  the  Advancement 
OF  Science  :  The  rapidly  revolving  year  has  again  brought  us  to  the 
season  of  our  annual  convocation ;  and  through  your  gratifying  con- 
fidence and  kindness  it  becomes  my  pleasant  office  to  express,  for  all 
and  to  you  all,  mutual  congratulations  on  the  recurrence  of  this  our 
time  of  scientific  reinvlgoration,  and  on  the  happy  auspices  imder 
which  we  are  gathered  together. 

In  this  magnificent  city — sprung  ftom  the  prairie  shore  like  a  crea- 
tion of  Aladdin's  lamp,  and  welcoming  us  with  a  hospitality  and 
heartiness  which  could  not  be  surpassed — we  may  already  see  omens 
that  the  course  of  science,  like  that  of  empire  just  alladed  to,  <*  West- 
ward takes  its  way."  We  have  convened  to-day  at  a  point  more 
westerly  than  any  at  which  a  scientific  convention  was  ever  before 
assembled.  Tet  here  we  find  an  active  and  earnest  scientific  spirit,  a 
scientific  academy  fUU  of  vigorous  life,  doing  its  part  toward  the 
increase  of  human  knowledge  and  toward  disseminating  the  spirit  of 
scientific  inquiry.  And  In  the  cordially  affectionate  welcome  given 
us,  both  collectively  and  individually,  we  rejoice  to  recognize  tokens 
of  regard  for  those  pursuits  to  which  we  devote  ourselves,  and  of 
which  we  e^joy  the  privilege  of  being  regarded,  for  the  time,  as  rep- 
resentatives. 

Just  twenty  years  have  elapsed  since  the  founders  of  this  Associ- 
ation met  together  at  Philadelphia ;  a  little  band,  but  fhll  of  hope  and 
fldth.  In  these  two  decades  the  Association  has  passed  through  all 
the  stages  of  feeble  infancy,  of  overweening  confidence,  of  domestic 
dissension,  of  malady  well-nigh  fbtal,  of  dlstressfhl  bereavement,  and 
of  restoration  to  strength  and  useflilness.  With  our  present  meeting 
the  years  of  nonage  are  at  an  end,  and  an  era  of  renewed  and  in- 
creased opportunities  for  good  dawns  before  us. 

When,  two  years  ago,  we  assembled  after  a  period  of  suspended 
animation,  at  the  beautlftd  and  thriving  city  on  the  shore  of  Lake  Erie, 
there  seemed  room  for  serious  doubt  whether  the  calamities  which 
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had  so  seriously  tried  and  imperilled  the  nation  had  not  destroyed  the 
very  life  of  this  Association.  Thanks  to  the  large-souled  and  warm- 
hearted citizens  of  Baffalo,  our  meeting  there,  although  informally 
called  and  by  no  means  largely  atte'nded,  was  eminently  successftil  in 
reviving  the  old  feeling  of  attachment  to  the  Association;  for  the 
recollections  of  that  meeting  will  always  remain  associated  in  our 
memories  with  unalloyed  pleasure*,  and  it  insured  for  us  in  the  ensuing 
year  a  meeting,  the  success  of  which  has  placed  the  vitality  of  the 
Association  beyond  all  peradventure.  And  the  spirit  of  cordial  co- 
dperation,  of  mutual  regard,  appreciation  and  encouragement,  of 
kindly  and  courteous,  yet  honest  criticism,  which  formed  so  marked  a 
characteristic  of  these  two  meetings,  affords  grounds  for  confident 
anticipations  of  ftiture  success  in  that  great  work  for  which  this  or- 
ganization was  established — the  Advancement  of  Science  in  America. 

But,  amid  all  the  hopeibl  auguries  and  pleasant  impressions  which 
surround  us  here,  the  dark  shadow,  rarely  absent  from  human  festi- 
vals, has  not  failed  to  throw  its  gloom.  There  are  some  well  remem- 
bered and  honored  countenances,  familiar  to  our  eyes  a  year  ago, 
which  we  may  never  more  see  at  our  annual  gatherings.  And  we 
would  not  fail  in  some  tribute  of  respect  and  honor  to  three  earnest 
workers  in  science  who  have,  during  the  past  year,  been  summoned 
ftom  earth.  The  venerable  botanist  of  Rochester,  who  for  so  long  a 
period  was  never  absent  from  our  meetings,— the  laborious  and  fkith- 
ftil  astronomer  of  the  Washington  Observatory,  who  added  to  the 
lyre  of  heaven  so  many  strings, — the  accomplished  engineer  of  Sche- 
nectady, once  the  General  Secretary  of  the  Association, — will  long 
retain  a  place  in  your  memories,  and  in  the  annals  of  the  sciences  to 
which  they  fkithftilly  devoted  themselves.  And  it  would  ill  beseem  us 
did  we  fail  to  recall  with  reverence  the  names  of  Chester  Dewey, 
Ferguson,  and  William  Mitchell  Gillespie. 

We  now  commence  the  Seventeenth  Meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.  Let  us  not  fail,  through  all 
its  stages,  to  remember  that  its  objects  are  best  promoted  by  the 
union  of  kindly  sympathy  with  ingenuous  criticism.  We  seek  the 
sharp  encounter  of  mind  with  mind,  yet  not  that  any  energy  or  power 
may  be  curtailed  or  rendeHed  less  effective,  but  rather  that,  as  in  the 
encounter  of  flint  with  steel,  light  may  be  evoked,  where  obscurity 
prevailed  before. 

Through  the  personal  intercourse  which  these  meetings  promote 
between  students  in  kindred  departments  of  science,  our  meetings  are 
undoubtedly  even  more  serviceable  to  the  great  end  in  view  than 
through  the  information  contained  In  the  formal  communications. 
The  experience  of  many  years  in  our  own  land,  as  well  as  in  Germany, 
England  and  S'rance,  shows  that  by  ftur  the  greatest  good  is  done  out- 
side the  walls  of  the  section-rooms.  Ideas  exchanged,  suggestions 
offered,  asperities  softened,  codperations  established,  are  the  legiti- 
mate and  constant  fruits  of  these  meetings. 
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Yet  it  is  not  only  from  the  reciprocal  exchange  of  ideas  between 
individuals,  and  the  poblic  presentation  of  papers  to  the  meetings, 
that  the  benefits  of  the  Association  flow.  One  of  its  chief  Ainctions 
is,  by  the  migratory  character  of  its  meetings,  to  foster  and  difRise  a 
love  of  science  and  a  taste  for  the  investigation  of  natore.  It  is  not 
among  our  ftmctions  to  disseminate  knowledge,  but  rather  to  attain  it 
and  to  procure  its  attainment,  and  to  conquer  new  truths  from  the 
domain  of  the  unknown. 

May  I  be  pardoned  if  I  presume  to  suggest  yet  another  method  by 
which  the  objects  of  the  Association  may  be  promoted,  although  it  Is 
one  which  for  many  reasons  we  have  never  yet  essayed,  and  which 
until  a  very  recent  date  it  would  have  been  both  undesirable  and  ftitile 
to  attempt.  I  refer  to  the  institution  of  special  researches  in  science 
by  means  of  the  fUnds  of  the  Association,  when  these,  by  carei\il  nurs- 
ing and  judicious  management,  shall  permit  of  such  an  application. 

Fifteen  years  ago,  at  the  Cleveland  meeting,  this  subject  was  dis- 
cussed, and  the  opinion  was  found  to  be  unanimous,  that  any  attempt 
of  the  kind  would  then  be  injudicious.  The  progress  of  years  has 
now  changed  the  whole  aspect  and  bearings  of  the  case,  and  if  a  few 
hundred  dollars  should  now  be  annually  set  aside  as  a  Aind  to  be 
placed  in  the  hands  of  trustees,  and  the  income  of  this  ultimately  be 
devoted  to  the  prosecution  of  researches  which  would  probably  not 
otherwise  be  undertaken,  a  good  work  might  be  accomplished  for  the 
Advancement  of  Science.  The  great  debt  which  many  branches  of 
science  owe  to  the  British  Association  for  work  of  various  kinds  thus 
performed  I  need  not  recall  to  your  minds.  What  might  we  not  thus 
accomplish  for  the  new  science  of  meteoric  astronomy,  in  the  creation 
of  which  we  may  claim  so  large  a  share  for  our  own  countryman, 
Professor  Newton?  What  might  we  not  thus  do  for  terrestrial  mag- 
netism? The  expense  of  equipping  and  maintaining  for  five  years  a 
merchant  vessel,  provided  with  a  few  competent  observers  and  instru- 
ments, would  determine  the  magnetic  constants  for  every  point  of  the 
whole  earth,  and  probably  result  in  the  development  of  facts  and  laws 
by  which  all  the  physics  of  the  globe,  and  all  geology,  would  be  es- 
sentially advanced,  —  manifold  more  indeed  than  by  the  continuance 
in  activity  of  every  magnetic  observatoljr  now  existing.  Ancient 
astronomical  observations  might  be  reduced,  and  a  contribution  to 
stellar  astronomy  thus  obtained,  of  incomparably  greater  value  than 
would  be  affordeh  by  observations  made  to-day.  Tables  of  physical 
constants  might  be  prepared,  expeditions  of  exploration  might  be 
equipped,  or  costly  yet  important  experiments  carried  out.  That  our 
Association  wUl  ultimately  accomplish  such  work  as  this  is  among  my 
most  earnest  convictions,  as  it  is  among  my  fondest  hopes. 

But  I  will  not  detain  you  longer.  Let  us  pass  to  our  work,  bringing 
each  of  us  what  little  we  have  been  able  to  attain  for  the  increase  of 
human  knowledge,  in  the  hope  that  our  several  contributions  may, 
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when  added  to  those  of  the  past  and  ftiture,  take  shape  and  form, 
becoming  centres  of  crystallization  and  growth  for  truths  yet  nnat- 
tained.  Let  us  strive  to  promote  our  own  progress  and  that  of  others, 
in  the  great  work  to  which  we  have  dedicated  our  lives  and  such  for- 
tunes as  we  may  possess,  by  mutually  inciting  each  other  to  new 
effort,  and  by  invoking  that  mental  condition  which  science  ought  to 
foster, — humility  before  the  vast  unknown,  mingled  with  that  confi- 
dence which  should  animate  the  explorer. 

Gentlemen,  let  me  offer  my  sincere  thanks  for  the  great  honor  which 
your  partiality  has  conferred  upon  me,  and  of  which  it  shall  be  my  aim 
to  render  myself  more  worthy  hereafter.  In  the  ftilfilment  of  the  du- 
ties of  my  office  I  shall  look  to  you  for  aid  and  counsel,  and  shall  rely 
upon  your  kindness  to  palliate  my  errors,  and  to  attribute  them,  as 
you  certainly  may  do,  to  no  motives  inconsistent  with  an  earnest 
desire  for  impartiality,  and  for  the  best  welfare  of  the  Association. 

The  Association  then  proceeded  to  the  election,  by  ballot,  of  six 
additional  members  of  the  Standing  Committee,  according  to  the 
requirement  of  Rule  4  of  the  Constitution.  The  names  of  those 
chosen  are  printed  jslsewhere  with  the  names  of  the  other  members  of 
that  Committee. 

The  Association  voted  to  hold  its  next  meeting  at  Salem,  Massa- 
chusetts, beginning  on  Wednesday,  August  18,  1869.  The  ofllcers 
elected  for  the  next  meeting  are : 

Colonel  J.  W.  Foster,  of  Chicago,  President;  Professor  O.N.  Rood, 
of  New  York,  Vice-PresidetU ;  Professor  O.  C.  Mabsh,  of  New  Haven, 
General  Secretary;  Dr.  A.  L.  Elwyn,  of  Philadelphia,  Treeuurer.  Pro- 
fessor Joseph  Loverino  was  elected,  at  Burlington,  Permanent  Sec- 
retary for  another  term  of  two  years,  commencing  with  the  Chicago 
Meeting. 

On  Wednesday  evening  a  general  meeting  was  held  in  Library  Hall, 
when  President  F.  A.  P.  Baritard  delivered  his  address  as  retiring 
President,  which  had  been  postponed  flrom  the  last  year;  and,  on 
Thursday  evening,  a  general  meeting  was  held  In  the  same  place, 
when  the  President,  B.  A.  Qould,  delivered  an  eulogy  upon  the 
late  A.  D.  Bache. 

A  communication  was  received  firom  Professor  Benjauin  Peirce, 
Superintendent  of  the  United  States  Coast  Survey,  in  relation  to  the 
changes  now  occurring  in  the  star  Eta  Argus  and  the  surrounding 
nebula,  and  recommending  to  the  Association  to  express  its  opinion 
on  the  extreme  importance  of  observations  upon  this  nebula  to  be 
made  in  South  America.  The  subject  was  referred  to  a  committee, 
which  will  be  found  in  another  part  of  this  volume. 

Professor  F.  A.  P.  Barnard  proposed  the  appointment  of  a  com- 
mittee to  express  the  congratulations  of  this  Association  to  Dr. 
Ehrenberg,  of  Berlin,  on  his  approaching  Jubilsum,  and  enforced 
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his  recommendation  with  the  following  remarks :  "It  has  long  been 
the  custom  in  Europe,  whenever  anj  eminent  contribntor  to  science 
approaches  the  half  centary  of  his  doctorate,  to  send  to  him  ad- 
dresses and  testimonials,  expressive  of  the  respect  and  honor  in 
which  he  is  held.  This  is  often  done  by  individnals,  bnt  all  organ- 
ized associations  are  accustomed  to  send  their  resolutions.  The 
American  Academy  of  Arts  and  Sciences,  in  Boston,  has  already 
designated  two  of  its  members,  Dr.  Asa  Gray  and  Professor  Joseph 
Lovering,  to  present  in  person  the  congratulations  of  that  Academy. 
In  this  case  the  tribute  is  peculiarly  merited.  Few  men  have  done 
so  much  for  the  department  of  science  in  which  the  proposed  recipi- 
ent of  honor  has  been  engaged.  He  found  the  use  of  the  micros- 
cope, in  the  study  of  natural  history,  almost  barren.  He  stimulated 
it  to  its  present  great  and  high  utility,  opening  such  a  world  of 
investigation  that  even  the  instrument  itself  was  perfected  in  the 
contemplation  of  it.  The  result  has  been  the  disclosure  of  a  uni- 
verse to  be  studied  as  multiform  as  that  which  the  telescope  re- 
veals. No  man  ever  presented  to  the  world  so  much  new  matter  as 
Ehrenberg  in  his  book  on  Infusoria.  He  is  now  seventy-four  years  of 
age,  and  to  his  great  labors  he  has  sacrificed  his  eyes,  and,  by  a  recent 
accident,  he  has  lost  the  power  of  locomotion.  It  appears,  in  view  of 
these  facts  that  America  should  Join  hands  with  Europe  in  paying  a 
tribute  of  respect  and  gratitude  to  the  man  who  by  his  great  labor  has 
procured  such  great  results." 

Many  of  the  members  in  attendance  accepted  the  private  hospit- 
ality generously  offered  by  families  in  the  city  of  Chicago. 

On  Saturday,  August  8,  after  the  session  of  the  morning,  which  was 
continued  in  the  evening,  the  members  of  the  Association  and  their 
ladies,  accompanied  by  many  ladies  and  gentlemen  of  Chicago,  by  in- 
vitation of  the  Local  Committee,  embarked  on  board  the  Steamer 
Orion  and  enjoyed  an  excursion  upon  Lake  Michigan,  visiting  the 
Crib,  and  partaking  of  a  bountiftd  lunch  on  board  the  Steamer. 

Daring  the  meeting  of  the  Association  in  Chicago,  the  members  and 
their  friends  were  elegantly  entertained,  on  successive  evenings,  by 
Messrs.  John  B.  Drake  of  the  Tremont  House,  Wm.  E.  Doggett,  N.  S. 
Davis,  and  J.  T.  Scammon,  at  their  private  residences,  and  Gage 
Brothers  and  Walters  of  the  Sherman  House. 

Through  the  extraordinary  liberality  of  the  Directors  of  many  of 
the  railroads  which  centre  in  Chicago,  the  members  of  the  Association 
had  an  opportunity  after  the  final  adjournment  of  the  meeting,  to 
make  excursions  to  points  of  scientific  interest,  and  not  a  f^w  availed 
themselves  of  the  privilege  to  visit  the  Coal  Valley  near  Bock  Island, 
the  Mines  of  Lake  Superior,  or  the  newly  planted  germs  of  a  city  on 
the  Missouri  Elver,  Omaha.  A  small  party  proceeded  ft'om  Omaha, 
by  the  invitation  of  Hon.  W.  B.  Ogden,  and  Capt.  J.  B.  Turner,  over 
the  whole  length  of  the  Union  Pacific  Bailroad  to  a  point  more  than 
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sixty  miles  beyond  Benton,  and,  on  the  afternoon  of  Augost  17,  after 
dining  in  the  constmction-trafn  of  General  Casement,  rode  over  a 
mile  of  road  which  had  been  finished  with  the  rails  which  their  own 
train  had  brought  forward  two  hours  before. 


BBS0LUTI0N8     ADOPTBD. 

ON  THE  CINCINNATI  OBSERVATORY. 

BeBolved,  That  this  Association  cordially  sympathiaes  with  the  effort  now  making 
by  the  Astronomical  Society  and  the  citizens  of  Cincinnati,  to  resnscitate  the  Cin- 
cinnati Observatory,  and  earnestly  desires  its  snccess. 

ON  THE  JUBIUEVM  OF  DR.  EHRENBERG. 

Whereat  this  Association  is  apprized  that  the  veteran  naturalist,  CiiRiSTiAir 
GOTTFBISD  Ehbbnbsrg,  Will  Complete  daring  the  present  year  the  fiftieth  year 
of  his  Doctorate  in  Medicine,  and  whereas  the  Association  shicerely  desires  to 
express  their  high  appreciation  of  the  eminent  services  rendered  to  Natural  His- 
tory, and  especially  to  the  knowledge  of  microscopic  organisms,  by  this  distin- 
goished  and  laborious  investigator  and  observer;  therefore 

J?Mo{oerf,  That  a  committee  of  three*  be  appointed  to  prepare  an  address  to  be 
presented  to  Dr.  Ehrenberg,  on  the  occasion  of  his  approaching  JubUaum,  con- 
gratnlating  him  on  the  long  and  honorable  career  which  it  has  been  permitted  him 
to  enjoy,  and  assuring  him  of  the  deep  veneration  and  respect  in  which  his  name 
is  held  in  America. 

Besolped,  That  the  address,  when  prepared,  be  forwarded  to  the  Hon.  George 
Bancroft,  Envoy  Extraordinary  and  Mhiister  Plenipotentiary  of  the  United  States 
of  America  to  the  Confederation  of  Northern  Germany,  with  the  request  that  he 
present  the  same  to  Dr.  Ehrenberg,  in  the  name  of  this  Association,  on  the  occa- 
sion of  his  JubilsBum,  on  the  0th  of  November  next. 

ON -AN  INTERNATIONAL  COPYRIGHT. 

Jtetolvedy  That  it  is  the  conviction  of  this  Association  that  no  product  of  human 
industry  is,  in  a  stricter  sense,  the  rightfhl  property  of  the  producer  than  that 
which  embodies  in  written  form  the  results  of  Intellectual  labor. 

JSesdvedt  That  literary  property,  in  whatever  country  produced,  ought,  equally 
with  every  other  description  of  property,  to  be  under  the  protection  of  law,  and  to 
enjoy  such  protection  equally  in  all  countries. 

SeMolved,  That  this  Association  cordially  approves  and  endorses  the  efforts  which 
are  making  by  the  Copyright  AaBociaHoHy  recently  organized  for  the  United  States 
of  America,  to  secure  the  recognition  by  all  governments  of  the  rights  of  authors 
to  their  literary  productions,  and  sincerely  desires  that  these  efforts  may  meet  with 
early  and  complete  success. 

ON  THE  BSTABUSHMBNT   OF   AN   OBSERVATORY   ON  THE  UNE   OF  THE 
UNION  PACIFIC   RAILROAD. 

JHetolvedf  That  this  Association  recommends  to  the  attention  of  those  who  would 
make  intelligent  and  munificent  endowments  of  scientific  Institutions,  the  import- 
ance of  an  Astronomical  Observatory  at  some  point  on  the  Pacific  Railroad  be- 
tween Nebraska  and  the  Pacific  Coast,  and  at  as  high  an  altitude  as  possible, 
where  the  clearness  of  the  atmosphere,  and  the  great  number  of  cloudless  days, 
would  ensure  remarkable  and  unsurpassed  opportunities  for  astronomical  obser- 
vations. 

'Afterwards  increased  to  seven. 
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VOTES    OF    THANKS. 

Seaolved,  That  we  owe  to  the  accomplished  Chairman  of  the  Local  Committee 
and  to  its  indefifttigable  Secretary,  and  to  the  assiduities  of  the  yarions  subcom 
mittees,  a  veiy  large  share  of  the  order,  success,  and  the  unusual  personal  ei^oy 
ments  which  have  diaracterized  this  meeting. 

Betolvedf  That  the  thanks  of  this  Association  be  giyen  to  tiie  Toung  Men's  Ld- 
brary  Association,  to  the  Caledonian  Club,  and  to  the  Trustees  and  OAcers  of  the 
First  Baptist  Church  in  Chicago,  for  the  ample  accommodations  which  they  have 
freely  placed  at  our  disposal. 

Hesolved,  That  the  thanks  of  this  Association  be  presented  to  the  editors  of  lliis 
city  for  the  taJl  reports  of  its  proceedings  published  in  their  columns. 

Jiesolvedf  That  the  thanks  of  the  Association  be  presented  to  the  Academy  of 
Sciences,  the  Historical  Society,  the  Toung  Men's  Library  Association,  the  Board 
of  Trade,  and  to  all  other  bodies,  scientific,  literary  or  commercial,  who  have 
freely  opened  to  our  use  their  rooms  and  collections,  for  the  many  courtesies  which 
have  contributed  so  much  to  the  success  of  the  meeting  and  the  enjoyment  of  the 
members. 

liesolvedf  That  we  heartily  appreciate  the  hospitality  which  has  been  generously 
extended  to  the  members  of  the  Association,  individually  and  collectively,  by  the 
citizens  of  Chicago,  and  the  opportunity  enjoyed  by  us  of  social  intercourse  with 
the  ladies  and  gentlemen  of  the  place  at  the  receptions,  in  hotels  and  private 
houses,  which  welcomed  our  arrival  here,  which  have  cheered  our  leisure  moments 
from  day  to  day,  and  which  have  continued  even  to  the  hour  of  our  last  fiurewell. 

Jlesolvedf  That  the  members  of  this  Association  acknowledge  their  great  indebt- 
edness to  the  Directors  of  many  of  the  Railroads,  over  which  they  have  passed  in 
coming  from  their  homes  to  this  distant  place  of  meeting,  for  the  liberal  terms 
upon  which  they  have  been  carried;  and  that  they  are  placed  under  peculiar  obli- 
gations to  the  Directors  of  the  Railroads  which  diverge  from  Chicago,  and  espec- 
ially of  the  Chicago  and  Northwestern  Railroad,  for  their  extraordinary  Uberality 
in  iVimlshing  free  passes  to  Rock  Island,  Omaha,  Lake  Superior,  and  other  points 
of  great  scientific  intei*est. 

Hesolved,  That  the  thanks  of  the  Association  be  presented  to  the  retiring  Presi- 
dent, for  the  dignity,  ability  and  impartiality  with  which  he  has  filled  the  chair 
during  the  present  meeting. 


Bailroad  and  Steamboat  Corporations  which  have  charged  only  half 
FARE  to  members  of  the  Association  in  attendance  on  the  Chicago 
meeting, 

Chicago  and  Northwestern,  New  Orleans  and  Jackson, 

Chicago  and  Rock  Island,  South  Carolina, 

Chicago,  Burlington  and  Qnincy,  Orange  and  Alexandria, 

Chicago  and  Alton,  Wilmington  and  Weldon, 

Illinois  Central,  New  Jersey  Central, 

Michigan  Central,  New  Jersey, 

Michigan  Southern,  Philadelphia  and  Erie, 

Chicago,  Columbus,  and  Indiana  Pennsylvania, 

Central,  New  York  and  Erie, 

Grand  Trunk,  Connecticut  River, 

Great  Western,  Eastern  of  Massachusetts, 

LouisvUle  and  Nashville,  Boston  and  Montreal, 

Mobile  and  Ohio,  Boston  and  Ogdensburg, 

Mississippi  Central,  Boston  and  Maine. 
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REPOBT  OF  THE  PERMANENT  SECRETARY. 


This  report  includes  the  execative  business  which  belongs  to  the 
interval  between  the  commencement  of  the  Burlington  meeting 
(August  21,  1867)  and  that  of  the  Chicago  meeting  (August  5,  1868). 
The  Association  now  numbers  four  hundred  and  fifteen  members. 
Only  fourteen  individuals  joined  the  Association  at  Burlington.  One 
hundred  and  thirty-two  old  members  were  struck  from  the  list,  on 
account  of  three  years*  delinquencies  in  the  payment  of  assessments, 
their  aggregate  indebtedness  amounting  to  eleven  hundred  and  eighty- 
eight  dollars  ($1 188). 
The  financial  condition  of  the  Association  is  as  follows : 
Between  August  21,  1867  (the  first  day  of  the  Burlington  meeting) 
and  August  5,  1868  (the  first  day  of  the  Chicago  meeting),  the  income 
of  the  Association,  including  the  balance  from  last  yearns  account,  was 
fourteen  hundred  and  twenty-two  dollars  and  seventeen  cents 
($1422.17),  of  which  fifty-two  dollars  and  fifty  cents  accrued  from  the 
sale  of  the  printed  Proceedings,  and  the  remainder  from  the  annual 
assessments. 

The  expenses  of  the  Association  during  the  same  period  were  twelve 
hundred  and  sixty-two  dollars  and  sixty-one  cents,  which  may  be  ap- 
portioned thus : 

Cost  of  paper,  printing  and  binding  the  Burlington  volume 
of  Proceedings,  five,  hundred  and  seven  dollars  and  forty- 
seven  cents,    .    .    .    .    / $507.47 

Charges  connected  with  the  Bufllsilo  and  Burlington  meetings 

two  hundred  and  nine  dollars  and  ninety-two  cents,  .  •  .  209.92 
Salary  of  the  Permanent  Secretary,  five  hundred  dollars,  .  .  500.00 
Postage,  stationery,  express,  etc., •    .    .    .    .      46.22 

$1262.61 

The  details  may  be  found  in  the  cash  account^  of  the  Secretary, 
which  is  herewith  submitted  as  a  part  of  his  report.  The  balance  in 
the  hands  of  the  Permanent  Secretary,  August  5,  1868,  is  one  hundred 
and  fifty-nine  dollars  and  fifty-six  cents  ($159.56).  There  is  no  balance 
in  the  hands  of  the  Treasurer. 

JOSEPH  LOVERING, 

Chicago,  August  5,  1868.  Fermanent  Secretary. 
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Dr. 


CASH    ACCOUNT    OP    THE 
American  Association  in 


Bigelow's  bill  for  programmes,  . 

Harris's  bill  as  clerk,        .... 

Postage, 

Bipley's  bill  for  circulars, 

Carter's  bill  for  envelopes 

Smithsonian  Institution  for  express, 

J.  H.  Abbott,  for  binding 

Harris's  bill  for  copying  records,     . 

Clerk  for  preparing  circulars, 

Clarke,  for  twenty-one  reams  of  paper, 

Kilbum,  for  wood-cuts,        .... 

Paper  for  cover, 

Paper  and  envelopes, 

Bipley,  for  printing,  .... 

Paper  for  copying  records, 

Abbott,  for  binding  Burlington  Proceedings, 

Express  charges, 

Expenses  of  Newport  and  Buffalo  Meetings, 

Salary  of  Permanent  Secretary, 

Dakin's  bill  for  printing  Proceedings,     . 
• 

Balance  to  next  account. 


$3.00 

^16.87 

27.00 

12.00 

1.25 

3.40 

2.00 

13.25 

5.00 

115.50 

6.00 

6.48 

8.75 

8.50 

1.80 

29.99 

9.82 

150.00 

500.00 

347.50 

$1262.61 
159.56 


$1422.17 
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PERMANENT     SBCBETARY. 

Account  toith  Joseph  LoYERiNa.  Cr. 

Balance  from  last  account, $422.90 

Assessments  (Arom  No.  421  to  No.  651  of  Cash  Book)  in- 
cluding tlie  sale  of  Proceedings,         ....  999.27 


$1422.17 
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List  of  European  ImtUuHona  to  which  Copies  of  Volume  XVI  of  the 
Proceedings  of  the  American  Association  were  distributed  by  the 
Permanent  Secretary  in  1868. 

Stockholm, — Eongliga  Svenska  Yetenskaps  Akademien. 
Copenhagen,— Kougel,  danske  Vidensk.  Selskab. 
Moscow,  —  Soci6t6  Imp6riale  des  Nataralistes. 
St.  Petersburg, — Acad6mie  Imp^riale  des  Sciences. 

"         <<  Kais.  Itoss.  Mineralogische  Gesellschaft. 

"         "  Observatoire  Physique  Centrale  de  Bussie. 

PttZAjotra,  — Observatoire  Imperiaie. 
Amsterdam, — Academic  Royale  des  Sciences. 

<*  Genootschap  Natura  Artis  Magistra. 

"  Zo6\ogical  Garden. 

Haarlem, — Hollandsche  Maatsohappij  der  Wettenschappen. 
Leyden, — Mus6e  d'Histoire  Naturelle. 
Altenburg, — Katurforschende  Gesellschaft. 
Berlin,— K,  P.  Akademie  der  Wissenschaften. 

**  Gesellschaft  fUr  Erdkunde. 

Bonn, — Naturhist.  Vereln  der  Preussisch.  Rheinlandes,  &c. 
Breslau, — K.  L.  C.  Akademie  der  Naturforscher. 
Dresden, — K.  L.  C.  Deutsche  Akademie  der  Naturforscher. 
Franc1(^urt,  —  Senckenbergische  Naturforschende  Gesellschafb. 
Freiburg, — Koniglich- Sachsische  Bergakademie . 
OoUingen, — Konigl.  Gesellschaft  der  Wissenchaften. 
Hamburg, — Naturwissenschaftlicher  Verein. 
Hannover, — Die  Naturhistorische  Gesellschaft. 
ie<i)sfc,— KSniglich  Sachsische  Gesellschaft  der  Wissenschaften. 
Munich, — E.  B.  Akademie  der  Wissenschaften. 
Prag, — K.  Bohm.  Gesellschaft  der  Wissenschaften. 
StuUgart,—\^Te\ji  fUr  Vaterlandische  Naturkunde. 
Vienna,— K.  Akademie  der  Wissenschaften. 
"  K.  K.  Geographischen  Gesellschaft. 

"  Geologischen  Reichsanstalt.  * 

Wurttemburg,  —  l>et  Verein  flir  Vaterlandische  Naturkunde. 
Basel, — Naturforschende  Gesellschaft. 
Bexn, — AUgemeine  Schweizerische  Gesellschaft. 

"         Naturforschende  Gesellschaft. 
Geneve,  —  Soci6t6  de  Physique  et  d'Histoire  Naturelle. 
JVettcAoicZ,  — Soci6t6  des  Sciences  Naturelles. 
Bruxelles,— AcsA^nAe  Royale  des  Sciences,  &c. 
Cherbourg,  — ^oci^tk  Acad6mique. 
Dijon,  —  Academic  des  Sciences,  &c. 
Liege, — Soci6t6  Royale  des  Sciences. 
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i«2«,— Soci6t6  Nationale  des  Sciences,  de  r Agriculture  et  des  Arts. 
PariSf — Institut  de  France. 
"  Soci6t^  Philomatiqne. 

"  Soci6t^  M6t^orologlque  de  France. 

TttHn,— Accademla  Reale  delle  Scienzie. 
Madrid, — Real  Academla  de  Clenclas. 
Cambridge  J— Cambridge  Philosophical  Society. 
Dublin^ — Royal  Irish  Academy. 
Edinburgh  J — Royal  Society. 
London^ — Board  of  Admiralty. 

**  East  India  Company. 

"  Museum  of  Practical  Geology. 

"  Royal  Society. 

"  Royal  Astronomical  Society. 

**  Royal  Geographical  Society. 

Manchester,— IMQfViry  and  Philosophical  Society. 
Batavia, — Soci6t6  des  Arts  et  des  Sciences. 


INDEX. 


A. 

Alfbe,  C,  The  RMUScitation  of  tbe  Cin- 
cinnati Observatory,  178. 

AddreM»  In  commemoration  of  A.  D. 
Bache,  1.  ,  ^ 

of  Ex-President  Barnard,  57. 

of  Welcome,  364. 

Aluminum,  Relations  of,  196. 

AniiquUy  of  Man  in  the  United  States, 

»«.  _ 

Arehaology  and  Ethnology,  Report  on, 

303. 

. ,  of  the  Mississippi  Valley,  288. 

Arctic  Continent,  New,  or  Wrangell's 

Land,  304. 
Atomic  Afotiona,  288. 

Volume  of  Metals,  125. 

Auditing  Committee,  viU. 


Bache,  Address  in  commemoration  of,  1. 

,  List  of  Publications  of,  48. 

Barnard^  F.  A.  P.,  Ex-President,  Ad- 
dress of,  57,  359. 

,  Remarks  relating  to  the  Jubilnmn 

of  Ehrenberg,  359. 

BoUcTy  The  Steam,  129. 

Bouldern  of  Red  Quartzite  in  Iowa,  840. 

Brainy  Human,  Fluorine  in,  176. 

Bromide  of  Silver,  Action  of  Light  on, 
181. 

Butter,  Phosphoric  Acid  a  Constituent 
of,  174. 

Buttrickf  E.  Z.,  The  application  of  Car- 
bonic Acid  Gas  in  the  Extinguish- 
ment of  Fire,  186. 

C. 

Carbonic  Compounder  Law  Determintaig 
the  Atomic  Volume  and  Boiling 
Point  of,  223. 

Carbonic  Add  Oas  in  the  Extinguish- 
ment of  Fire,  186. 

Cash  Account  of  Permanent  Secretary, 
364. 

CetiMM,  Principles  of  Statistics  of,  145. 

Chemical  Elements,  Combining  Power 
of.  190. 

Chemical  Relations  of  Metallic  Alumi- 
num, 106. 

Chemistry,  Modem,  Types  of,  209. 

Chicaao  Meeting,  Executive  Proceedings 

,  List  of  Members  elected  at,  xxxli. 

,  Officers  of,  vl. 

Ofneinnati  Observatory,  Resolution  on, 

861. 

,  Resuscitation  of,  172. 

Color  of  Fossils,  Preservation  of,  825. 
Combining  Power  of  Chemical  Elements, 

190. 


Committees,  Special,  Till. 

Communications  on  Mathematics,  Phy- 
sics and  Chemistry,  103. 

on  Natural  History,  268. 

Presented  but  not  printed,  845. 

,  Section  A,  103. 

,        "      B,  268. 

Conifera,  Leaves  of,  817. 

Constitution,  xi. 

Contents,  iii. 

Copyright,  Resolution  on,  361. 

Crdaceous  Rocks  in  Guthrie  County, 
Iowa,  326. 

Curves  showing  the  Relative  Excentrici- 
ties  of  the  Orbits  of  Mercury  and  the 
Earth  for  a  period  of  two  miUions  of 
years;  Chart,  160. 

D. 

DeHass,  W.,  Archisology  of  the  Missis- 
sippi Valley,  288. 

,  Report  on  Arch»ology  and  Eth- 
nology, 308. 

Diamagnetio  properties  of  Metals,  1£5. 

E. 

Earih,  Eccentricities  of  the  Orbit  of; 
Chart.  160. 

Eccentricities  of  the  Orbits  of  Mercury 
and  the  Earth;  Chart,  160. 

EhrenJberg,3u\Mt&nm  of.  Committee  ap- 
pointed, viii,  359. 

,  Resolution  on,  361. 

Election  of  Standing  Committee,  359. 

Officers  for  Salem  Meeting,  359. 

Electric  Discharge,  The  nature  of,  113. 

Electricity,  Application  of,  to  the  Main- 
tenance or  the  Tuning-fork,  etc.,  106. 

EllioU,  E.  B.,  On  the  Relative  Value  of 
Gold  and  Silver  for  a  series  of  years, 
122. 

Errata,  vn. 

Eta  Argus,  Peirce's  Communication  re- 
lating to,  359. 

,  Committee  on,  viii. 

Ethnology  and  Archsology,  Report  on, 
808. 

European  Institutions  to  which  copies  of 
Vol.  XV^I  of  Proceedings  were  dis- 
tributed, List  of,  866. 

Excursions,9fS0. 

Executive  Proceedings  of  Chicago  Meet* 
big,  853. 

F. 

Feuchtwanger,  L.,  The  Meteorites  ftom 

Poland  and  Mexico,  206. 
Flood  Gates  of  the  World,  262. 
Fluorine  In  the  Human  Brain,  176. 
Fossils,  Color  of  preserved,  885. 


A.  A.  A.  8.,  VOL.  XVU. 


47 


(869) 


370 


INDEX. 


G. 

Ckutrie  Juice,  Source  of  Free  Hydro- 
chloric Acid  in,  178. 

Cacology  of  Louisiana,  887. 

Gold  and  SUver,  RelaUye  valae  of,  128. 

Oould,  B,  A,j  President,  Address  in 
commemoration  of  A.  D.  Bache,  1. 

,  Delivery  of  Eulogy,  369. 

.  Opening  Address  to  the  Associ- 
ation, 366. 

,  Beply  to  Mr.  Scammon,  854. 

,  Takes  Office,  853.  ^ 

Qrimet^  J.  -ST.,  Laws  of  the  Ocean  Cur- 
rents, 106. 


HabUdbU  Features  of  the  Korth  Ameri- 
can Plateau,  etc.,  312. 

Hanscn^t  Theory  of  the  Moon,  167. 

Heliostat,  The,  139. 

BUgard,  E.  W.,  On  the  Condition  of  our 
Knowle^e  of  the  Processes  in  Lu- 
minous Hydrocarbon  Flames,  801. 

,  On  the  Geology  of  Louisiana  and 

the  Bock  Salt  Deposit  of  Petite  Anse, 
827. 

HUgard,  T.  C,  The  Volcanic  Tide  Belt 
and  the  World's  Flood  Gates,  252. 

ffinrichs,  O.,  A  new  and  General  Law 
Determining  the  Atomic  Volume  and 
Boiling  Point  of  a  great  number  of 
Carbon  Compounds,  223. 

,  The  Statics  of  the  Four  Types  of 

Modem  Chemistiy,  with  especial  re- 
gard to  the  Water  Type,  209. 

History  of  the  Chicago  Meethig,  853. 

Horiford,  E.  N.,  Fluorine  in  the  Hunuui 
Brain,  176. 

. ,  On  the  Source  of  Free  Hydro- 
chloric Acid  in  the  Gastric  Juice,  178. 

,  Phosphoric  Acid,  a  Constituent 

of  Butter,  174. 

HoapitaUty  of  the  Citizens  of  Chica«ro, 


Hough,  F.  B,,  On  the  Principles  of  Sta- 
tistics as  applied  to  the  Census,  145. 

Hydrocarbon  Flames ^  201. 

Hydrochloric  Acid,  Source  of,  in  the  Gas- 
tric Juice,  178. 


Iodide  of  Silver,  Action  of  Light  on,  181. 
Jntemaiional  Copyright,  Besolution  on, 
861. 


JubilcBum  of  Ehrenberg,  Besolution,  860. 


Lea,  M,  C,  On  the  Action  of  Light  upon 
the  Bromide  and 'Iodide  of  SDver, 
181. 

Leaves  of  the  Conifsrie.  817. 

Lake  Beds  of  the  Prairie  Begion,  842. 

//<0M,!Action  of,  on  Bromide  and  Iodide 

of  Silver,  181. 
Loomi8,E.,  Influence  of  the  Moon  niK>n 

the  Weather,  118. 
Louisian<h  Geology  of,  887. 


Lovering,  J.,  On  Application  of  Electric- 
ity to  the  Maintenance  of  the  Vibra- 
tions of  the  Tuning-fork,  etc.,  103. 


Man,  Antiquity  of,.hi  the  United  States, 

Marsh',  O.  C^  Description  of  a  New  Spe- 
cies of  Protichnltes  ttom  the  Pots- 
dam Sandstone  of  New  York,  382. 

,  On  the  Preservation  of  Color  in 

Fossils  f^om  Palasosoio  Formations, 
825. 

Mathematics,  Physics  and  Chemistry, 
Communications  on,  103. 

McDermott,  M.,  On  the  Hellostat  and 
Method  of  running  true  or  Meridian 
Lines,139. 

MeOian,  T.,  On  the  Leaves  of  the  Coni- 
ferse,  317. 

Meetings,  List  of,  z. 

Members.  Elected  at  Chicago  Meeting, 
xxxii. 

,  List  of,  xix. 

Mercury,  Eccentricities  of  the  Orbit  of; 
Chart,  160. 

Meridian  Lines,  On  the  Method  of  run- 
ning them.  139. 

Metals,  Atomic  Volume,  and  Paramag;- 
netic  and  Diamagnetic  properties  of, 
125. 

Meteorities  from  Poland  and  Mexico,  806. 

Miller,  J.  A.,  The  Steam  Boiler,  129. 

Mississippi  VaUey,  Archaeology  of,  288. 

Moon,  Influence  of,  upon  the  Weather, 
115. 

,  Physical  Constitution  of  the,  167. 

N. 

I^atural  History,  Communicationa  on, 

268 
Newbuiry,  Ex-President,  Introduction  of 

President  Gould,  353. 
Newcombf  S.,  On  Hansen's  Theory  of  the 

Physical  Constitution  of  the  Moon, 

167. 
Nominating  Committee,  viii. 


Observatory  of  Cincinnati,  178, 361. 

on  line  of  Union  PacLflc  Bailroad, 

Besolution  on,  361. 
Ocean  Currents,  Laws  of,  106. 
Officers  of  the  Chicago  Meeting,  vi. 
of  the  Salem  Meeting,  ix,  859. 


Papers  read  but  not  printed,  845. 

Paramoi^neftc  properties  of  Metals,  125. 

Parry,  C.  C,  The  Habitable  Features  of 
the  North  American  Continental  Pla- 
teau, near  the  Line  of  the  Thirty-flllh 
Parallel  North  Latitude,  312. 

Patterson,  R.  W.,  Prayer  by,  358. 

Peirce,  B.,  Communication  from,  869. 

Permanent  Resolutions,  xvii. 

Permanent  Secretary,  Cash  account  of, 
864. 

,  Keport  oi;  863. 

Petite  Anse,  Bock  Salt  Deposit  of,  327. 


INDEX. 


371 


Photphorie  Add  a  Constitaent  of  Batter, 

Planetary  Or6tt«,  Secular  YariationB  of, 
159. 

Plateaut  The  North  American  Continen* 
tal,  etc.,  812. 

Ptxfirie  Region.  Old  Lake  Beds  of;  842. 

Prime  Vertical^  New  Formala  for  Re- 
duction of  Observations  in.  123. 

Proceedings,  vol.  xvl,  Distributed  to 
European  Institutions,  386. 

Protichnites^  Description  of  a  new  spe- 
cies of,  822. 

PubUcatian  Committee,  yill. 


JRaUroad$,  LiberaUty  of,  360. 

and  Steamboat  lines  granting  half 

fare,  List  of,  362. 

Bed  Quartzite  Boulders  and  their  Origi- 
nal Ledges  in  Iowa,  Dakota  and 
Minnesota,S40. 

Report  of  the  Permanent  Secretary,  888. 

Resolutions  Adopted,  961. 

and  Enactments  of  a  permanent 

and  prospectiye  character,  xrii. 

Rock  Salt  Deposit  at  Petite  Anse,  327. 

Rogers,  W,  A.,  A.  new  Formula  for  the 
Beduciion  of  observations  in  the 
Prime  Vertical,  etc.,  128. 

B. 

Soi-m  Meeting,  Officers  of,  ix,  860. 

,  Vote  to  hold  the  Meeting  of  1868 

in  Salem,  359. 
SaU,  Rock,  Deposit  of,  827. 
Scammon,  J,  r.,  Address  of  Welcome, 

Secretary,  Permanent,  Beport  of,  863. 

,  Cash  Account  of,  384. 

Secular  Variations  of  the  Planetary  Or- 
bits, IfiO. 

Silver  and  C7oZd,  Belative  Value  o^  122. 

Statics  of  the  Four  Types  of  Modem 
Chemistry,  209. 

Statistics  of  the  Census,  146. 

Steam  Boiler,  The,  129. 

StockweU,J.  N.,  Remarks  on  the  Secular 
Variations  of  the  Planetary  Orbits, 
169. 

Stoddard,  O.  N.,  The  Nature  of  Electric 
Discharge,  113. 


Temperature,  Curves  of  mean,  and  cloud- 
iness according  to  age  of  the  Moon ; 
PUte,  120. 


Temperature  at  Philadelphia,  Ob^erva- 

HPtions  of,  arranged  with  reierences  to 

Bf  the} phases  of  the  Moon;  Table,  to 
Dace,  120. 

Thanks  Voted,  382. 

Tide  Belt,  Volcanic.  202. 

Tillman,  S.  D.,  On  the  Combining  Power 
of  Chemical  Elements,  190. 

Titles  of  Communications  read  but  not 
printed.  346. 

3\»n<n^:/brJi;tapplicatlon  of  to  the  excite- 
ment of  vlorations,  etc.,  103. 


Union  Pacific  RaUroad,  Resolution  on 
the  Establishment  of  an  Observatory 
on  line  of,  361. 

United  States,  Evidences  of  the  An- 
tiquity of  man  in,  268. 


Vanderweyde,  P.  H.,  On  the  relation  be- 
tween the  Atomic  Volume  of  dilTer- 
ent  metals,  and  their  Paramagnetic 
and  Diamagnetic  Properties,  125. 

Vibrations  of  the  Tunhig-fork,  etc.,  103. 

Volcanic  Tide  Belt,  252. 

Votes  of  Thanks,  862. 


W. 

WaUaee,  S.  J.,  On  the  Old  Lake  Beds  of 
the  Prairie  Region,  342. 

WdUing,  H.  F.,  Atomic  Motions,  238. 

Water  Type  of  Modem  Chemistry,  209. 

Weather,  Influenced  by  the  Moon,  118. 

Weights,  Measures  and  Coinage,  Com- 
mittee on,  viii. 

WheUdon,  W.  W.,  The  New  Arctic  Con- 
tinent, or  VTrangelPs  Land,  etc.,  804. 

White,  C,  A,,  Announcement  of  the  Ex- 
istence of  Cretaceous  Rocks  in  Gu- 
thrie County,  Iowa,  826. 

.  Observations  on  the  Red  Quart- 
site  Boulders  of  Western  Iowa,  and 
their  original  ledges  of  Red  Quartzite 
in  Iowa,  Dakota  and  Minnesota,  840. 

Whittlesey,  C,  On  the  Evidences  of  the 
Antiquity  of  Man  in  the  United 
States.  268. 

Worlds  Flood  Gates,  262. 

WrangeWs  Land,  or  the  New  Arctic  Con- 
tinent, 304. 

Wurtz,  H.,  On  some  New  Chemical  Re- 
lations of  Metallic  Aluminum,  196. 


872  EBBATA. 


ERRATA. 


Owing  to  the  non-reoefpt  of  proofe  of  comxuimicatioiiB  6  and  7  of  Sect.  A  by  the 
anthors  until  long  after  they  were  printed,  the  following  errors  were  not  corrected : 

Faffo  124,  line  6,  for  "a sin  n.  bcoBnJ*  read  asinz.  bcosz;  line  8,  for  "given 
threaoB,''  read  prime  yertical;  line  18,  for  "Brninoso,"  read  Brtinow;  line  2S,  for 

"1= *- "    read    1=  * 


'  Bin  ^  COS  6  Bin  (0'  ~  T)  sin  ^  cos  6  Bin  («'— i  I)* 

Page  126,  line  2,  to  first  line  of  formula  add  cot  B' ;  line  8,  dele  the  "  B  ^ 

befbre  H — ^.    line  9,  for  "  969,961 »  read  9.69761;  head  line  of  table  OTer  the 

'    sin^f 
last  three  columns  of  figures,  for  *  '  "  read  h.  m.  s.;  T'I|I0~iI'-'C  should  be 
the  headings  of  the  columns  in  the  example. 

Page  126,  in  table,  after  *' copper ''  for  *^ Paramagnetic"  etc.,  r«ad  Diamagnetic. 
*^   127,  first  word  in  10th  V,  for  "  Heating"  read  Heat  in;  In  same  V  last  line 
should  read  diamagnetic  like  bismuth. 

Page  128,  line  16,  for  "  wherein,"  read  cohesion. 

The  author  of  communication  26  of  Sect.  A  wishes  the  following  corrections 
made: 

Page  248,  line  9,  for  "  fi>ur  hundred  degrees  "  read  five  hundred  and  five ;  line 
10,  for  "^400X224"  read  V 606X224;  and  in  the  same  line  for  "four  hundred 
and  eighty  feet"  read  nine  hundred  and  thirty-three  feet;  line  11,  after  Che  word 
"  second  "  insert  the  following  as  a  foot  note : 

The  actual  velocity  of  sound  in  water  at  the  temperature  of  46'^.6  F.,  -»  about  fiOB**  above 
absolute  zero,  is  4706  ftet  per  second,  as  determined.  Id  1827,  from  ezperiments  In  the  Lake 
of  Geneva,  by  CoUadon  and  Sturm.  Tlie  excess  of  the  velocity  of  aqueous  atoms,  as  cal- 
culated from  the  mechanical  equivalent  of  heat,  may  be  a  consequence  of  the  elliptlcity 
of  the  atomic  orbits,  the  lesser  being  the  mean  vdoelty  when  reftored  to  a  continuous 
direction. 

Page  261,  line  6,  for  "four  hundred  degrees"  read  five  hundred  and  five 
degrees;  Une  11,  for  <V400»  read  V606";  and  fbr  "270000"  read 300 000;  line  13, 

NOTS.— It  is  proper  to  state  here  that  communication  8  of  Sect.  A,  and  2  and  8  of  Sect. 
B,  were  printed  without  a  revise  having  been  received  from  the  anthors.  It  is  through  no 
iknlt  of  the  Editor  that  the  authors  did  not  receive  their  prooft  in  time,  as  proofs  and  let- 
ters were  sent  in  each  case,  and  the  type  was  kept  standing  until  it  became  necessary  to 
send  the  matter  to  press. 

The  Editor  would  take  this  opportunity  to  impress  every  member  of  the  association 
with  the  necessity  of  writing  their  fUll  post  office  address  on  their  manuscripU. 
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0.  C.  Marsh,        *  E.  D.  Cope,  A.  C.  Hamlin. 


sub-section  c  or  section  b. 

E.  G.  Squier,  Chairman  up  to  the  3d  day. 
Arnold  Guyot,  Chairman  for  rest  of  the  session. 
William  H.  Dall,  Secretary. 


SUB-SECTION    D    OP    SECTION    B. 

J.  E.  G/rvTT,  Chairman. 
Edwin  Bicknell,  Secretary. 


SPECIAL   COMMITTEES.  IX 


SPECIAL  COMMITTEES. 


A.      COMMITTBB8  GOMTIM  UKD  FROM  FOBBCXR  MSBTINOS. 

1.   ChmmUtee  to  Beport  in  BeUUion  to  Uniform  Sta/ndarda  in 
Weights^  Measures^  tmd  Coinage. 


F.  A.  P.  Babkabd» 
John  F.  Fbazeb, 

J.  H.  GiBBOKy 
WOLCOTT  GiBBS, 

B.  A.  Gould, 
Joseph  Henbt, 

J.  E.  HiLOARDy 


John  LbContb, 
H.  A.  KswTONy 
Benjamin  Peirce, 
W.  B.  Rogers, 
J.  L.  Smith, 
John  Torbet. 


B.    New  Committees. 

1.   Committee  to  Audit  the  Accounts  of  the  Permanent  Secretary 
and  the  Treasurer. 

y 

B.  A.  Gould,  |  C.  S.  Lyman. 


2.   Committee  with  whom  the  Permanent  Secretary  may  advise 
in  regard  to  the  publication  of  the  Salem  Proceedings. 

Benjamin  Peirce.  |  Louis  Aoassiz. 
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SPECIAL  COMMITTEB8. 


3.   ComnUUee  to  act  with  the  Standing  Committee  in  nomination 
of  officers  for  the  Troy  Meeting. 


Section  A.* 
E.  W.  Blake, 
E.  B.  Elliott, 
W.  A.  Norton, 
C.  A.  Young, 


Section  B. 
W.  P.  Blake, 
C.  F.  Hartt, 
W.  C.  Kebr, 
B.  P.  Stevens. 


4.    OoMmlttee  to  select  the  time  and  place  of  the  neoct  meeting. 


J.  S.  Newberry, 
T.  S.  Hunt, 
Joseph  Henrt, 


L.  H.  Morgan, 
John  Torret. 


5.    Committee  for  assisting  the  Local  Committee  in  m^aking  ar- 
rangements  with  the  BaUroads  for  transporting  the 
members  to  and  from  the  neat  meeting. 


J.  H.  Devereux, 
Samuel  M.  Felton, 
J.  W.  Foster, 
M.  D.  Hanover, 


Q.  B.  LORING, 

L.  H.  Morgan, 
William  B.  Ogden, 
Jambs  D.  Warner. 


•B.  B.  Elliott  and  0.  A.  Toimg  were  chosen  to  ffil  the  TBoanciee  oftiued  liy  the 
absenoe  of  G.  W.  Hough  and  B.  N.  Horsford,  who  were  originally  chosen. 


0FFICEB8  OW  THE  TBOT  KBSTING. 


OFFICERS  OF  THE  TROY  MEETING. 


William  Chauvknbt,  President, 

T.  S.  HuMT,  Vice-President. 

Joseph  LovEBiNa,  Permanent  Secretary, 

C.  F.  Habit,  General  Secretary, 

A.  L.  Elwtn,  Treasurer. 


Standing  Committee, 


WnjJAM  Chauvenet, 
T.  8.  Hunt, 
Joseph  LovEBiNGy 
C.  P.  Hartt, 


J.  W.  Foster, 
O.  K.  Rood, 
O.  C.  Marsh, 
A.  L.  Elwtn. 


Local  Committee. 

John  A.  Qriswold,  Chairman. 
George  C.  Burdett,  First  Vice'C?iairman. 
P.  y.  Hagneb,  Second  Vice- Chairman. 
Benj.  H.  Hall,  General  Secretary. 
H.  B.  Kason,  Corresponding  Secretary. 
Adam  B.  Smith,  Treasurer, 


E.  W.  Arms, 
Miles  Beach, 

B.  W.  Boughton, 
Irving  Browne, 
H.  Burden, 

J.  A.  Burden, 
£.  Corning,  Jr., 

D.  COWEB, 

O.  H.  Cramer, 

C.  Drowne, 
c.  e.  dutton, 
William  Penton, 
J.  L.  Plagg, 
James  Porstth, 


James  Hall^ 
W.  H.  Hart, 
J.  C.  Heartt, 
J.  S.  Heartt, 

A.  L.  HOLLET, 

C.  R.  Ingalls, 
A.  G.  Johnson, 
G.  B.  Kellogg, 
Justin  Kellogg, 
WiLUAM  Kemp, 
J.  S.  Knowlson, 
J.  H.  C.  Lajoib, 
P.  B.  Leonard, 
H.  C.  Loc^wqod, 


J.  ROMETN, 

H.  Rousseau, 
W.  P.  Seymour, 
W.  A.  Shepard, 
K.  B.  Squires, 
G.  H.  Starbuck, 
P.  S.  Thater, 
W.  A.  Thompson, 
Jambs  Thorn, 
Dudley  Tibbits, 

C.  W.  TnXINGHAST, 
M.  I.  TOWNSEND. 

J.  I.  Tucker, 

D,  T.  Vail, 
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OFFICERS   OF  THE  TROY  HEETINa. 


Local  Committee  {Continried). 


J.  M.  Francis, 
J.  W.  Fuller, 
E.  T.  Gale, 
Uri  Gilbert, 
H.  Gnadbndorff, 
Hannibal  Green, 
Robert  Green, 
C.  O.  Greene, 
Dasgom  Greene, 
C.  Griswold, 

W.  GURLEY, 


C.  McMillan, 
M.  L.  Marks, 
G.  W.  Maynard, 
G.  G.  Moore, 
A.  B.  Morgan, 
G.  P.  Ogden, 
J.  B.  Parmenter, 

C.  E.  Patterson, 

J.  B.  PlERSON, 

A.  E.  Powers, 
J.  B.  Prentice, 

D.  Robinson, 


S.  M.  Vail, 
M.  R.  Vincent, 
R.  H,  Warp, 
G.  B.  Warden, 
J.  M.  Warren, 
S.  £.  Warren, 
W.  P.  Warren, 
D.  A.  Wells, 
H.  B.  Whiton, 
L.  Wilder, 

J.  H.  WiLLARD, 
W.  H.  YOUNQ. 


On  Sections. 
Martin  I.  Townsend,   H.  B.  Nason, 
James  Forsyth,  C.  W.  Tellinghast, 


LoccU  StUhCommiUees,  • 

Chester  Griswold. 


Jos.  W.  Fuller, 
Jakes  A.  Burden, 


William  Kebip, 
Wm.  a.  Thompson, 


On  Finance. 

C.  O.  Greene, 
William  Gurley, 


Uri  Gilbert, 
David  Cowee. 


On  Lodging  and  EntertainmerU, 

Wm.  H.  Toung,  James  R.  Prentice, 

iizra  w.  boughton, 

On  Excursions, 


John  A.  Griswold, 
Wm.  a.  Shbpard, 


John  H.  Wili.ard, 
Miles  Beach, 


F.  S.  Thayer, 
J.  L.  Flagg, 


Walter  P.  Warren. 


On  Rooms  for  Meetings* 

Giles  B.  Eelloqg,       Jonas  S.  Heartt. 

J.  ROMBYN, 


On  Invitations^  Correspondence,  and  Printing, 

B.  H.  Hall,  C.  £.  Button,  A.  E.  Powers. 

Irving  Browne,  G.  W.  Maynard, 


On  Bailroads. 

E.  Thompson  Gale,      Daniel  Robinson, 
Geo.  C.  Burdett,         Geo.  H.  Cramer, 


A.  L.  HOLLEY. 
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CONSTITUTION  OF  THE  ASSOCIATION.* 


0BJBCT8. 

The  Association  shall  be  called  The  American  Association 
FOB  THE  Advancement  of  Science. 

The  objects  of  the  Association  are,  by  periodical  and  migra- 
tory meetings,  to  promote  intercourse  between  those  who  are 
cultivating  science  in  different  parts  of  the  United  States,  to 
give  a  stronger  and  more  general  impulse  and  a  more  system- 
atic direction  to  scientific  research  in  our  country,  and  to  pro- 
cure for  the  labors  of  scientific  men  increased  facilities  and  a 
wider  useAilness. 

MKBOSBBS. 

RxjLE  1.  Any  person  may  become  a  member  of  the  Asso- 
ciation upon  recommendation  in  writing  by  two  members, 
nomination  by  the  Standing  Committee,  and  election  by  a 
majority  of  the  members  present. 

officers. 

Rule  2.  The  ofilcers  of  the  Association  shall  be  a  Presi- 
dent, Vice-President,  General  Secretary,  Permanent  Secretaiy, 
and  Treasurer.  The  President,  Vice-President,  General  Secre- 
tary, and  Treasurer  shall  be  elected  at  each  meeting  for  the 
following  one;  —  the  three  first  named  ofiScers  not  to  be  re- 
eligible  for  the  next  two  meetings,  and  the  Treasurer  to  be 
reeligible  as  long  as  the  Association  may  desire.  The  Per- 
manent Secretaiy  shall  be  elected  at  each  second  meeting,  and 
also  be  reeligible  as  long  as  the  Association  may  desire. 

•Adopted  AngiuISS,  1806,  and  ordered  to  go  into  effect  at  the  opening  of  tlie 
Montreal  Meeting.  Amended  at  Bnrlington,  Angoat,  1887,  and  at  Chicago,  Angnat, 
1888. 

(XT) 


XVI  CONSTITUTION 

MBBTIN08. 

Rule  3.  The  Association  shall  meet,  at  such  intervals  as  it 
may  determine,  for  one  week,  or  longer, — the  time  and  place 
of  each  meeting  being  determined  by  a  vote  of  the  Association 
at  the  previous  meeting ;  and  the  arrangements  for  it  shall  be 
intrusted  to  the  officers  and  the  Local  Committee. 

STANDma  COMMITTEB. 

Rule  4.  There  shall  be  a  Standing  Committee,  to  consist 
of  the  President,  Vice-President,  Secretaries,  and  Treasurer  of 
the  Association,  the  officers  of  the  preceding  year,  the  perma^ 
nent  Chairman  of  the  Sectional  Committees,  after  these  shall 
have  been  organized,  and  six  members  present  fh>m  the  Asso- 
ciation at  large,  who  shall  have  attended  any  of  the  previous 
meetings,  to  be  elected  upon  open  nomination  by  ballot  on  the 
first  assembling  of  the  Association.  A  majority  of  the  whole 
number  of  votes  cast,  to  elect.  The  General  Secretaiy  shall 
be  Secretary  of  the  Standing  Committee. 

The  duties  of  the  Standing  Committee  shall  be, — 

1.  To  assign  papers  to  the  respective  sections. 

2.  To  arrange  the  scientific  business  of  the  general  meet- 
ings, to  suggest  topics,  and  arrange  the  programmes  for  the 
evening  meetings. 

8.  To  suggest  to  the  Association  the  place  and  time  ot  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific  re- 
ports and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the 
next  meeting. 

9.  In  coi^junction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of 
officers  of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions, 
or  other  proceedings  shall  be  published. 


OF  THE   ASSOCIATION.  XVU 

SBCnONS. 

Rule  6.  The  Association  shall  be  divided  into  two  Sections, 
and  as  many  sub-sections  as  may  be  necessary  for  the  scientific 
business,  the  manner  of  division  to  be  determined  by  the 
Standing  Committee  of  the  Association.  The  two  Sections 
may  meet  as  one. 

SECTIONAL  OFFICERS  AND  GOMMnTEES. 

Rule  6.  On  the  first  assembling  of  the  Section,  the  mem- 
bers shall  elect  upon  open^  nomination  a  permanent  Chairman 
and  Secretary,  also  three  other  members,  to  constitute,  with 
these  officers,  a  Sectional  Committee. 

The  Section  shall  appoint,  from  day  to  day,  a  Chairman  to 
preside  over  its  meetings. 

Rule  7.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their 
Section ;  to  ^certain  what  communications  are  offered ;  to 
assign  the  order  in  which  these  communications  shall  appear, 
and  the  amount  of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  subjects 
for  systematic  investigation  by  members  willing  to  undertake 
the  researches,  and  to  present  their  results  at  the  next  meeting. 

The  Sectional  Committee  may  likewise  recommend  reports 
on  particular  topics  and  departments  of  science,  to  be  drawn 
up  as  occasion  permits,  by  competent  persons,  and  presented 
at  subsequent  meetings. 

REPORTS  OF  PROCEEDINGS. 

Rule  8.  Whenever  practicable  the  proceedings  shall  be  re- 
ported by  professional  reporters,  or  stenographers,  whose 
reports  are  to  be  revised  by  the  Secretaries  before  they  appear 
in  print. 

PAPERS  AND  COlfMUNIGATIONS. 

Rule  9.  No  paper  shall  be  placed  in  the  programme,  unless 
admitted  by  the  Sectional  Committee ;  nor  shall  any  be  read, 
unless  an  abstract  of  it  has  been  previously  presented  to  the 
Secretary  of  the  Section,  who  shall  fbmish  to  the  Chairman 
the  titles  of  papers,  of  which  abstracts  have  been  received. 
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XVlll  CONSTITUTION 

Rule  10.  The  aathor  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided 
he  declare  such  to  be  his  wish  before  presenting  it  to  the 
Association. 

Rule  11.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  furnished  by 
the  authors ;  otherwise  only  the  titles,  or  abstracts,  shall  ap- 
pear in  the  published  proceedings. 

Rule  12.  All  papers,  either  at  the  general  or  in  the  sec- 
tional meetings,  shall  be  read,  as  far  as  practicable,  in  the 
order  in  which  they  are  entered  upon  the  books  of  the  Associa- 
tion ;  except  that  those  which  may  be  entered  by  a  member  of 
the  Standiug  Committee  of  the  Association  shall  be  liable  to 
postponement  by  the  proper  Sectional  Committee. 

Rule  13.  K  any  communication  be  not  ready  at  the  as- 
signed time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and 
shall  not  be  entitled  to  take  precedence  of  any  subsequent 
communication. 

Rule  14.  No  exchanges  shall  be  made  between  members 
without  authority  of  the  respective  Sectional  Committees. 

GENERAL  AND  BVENtNO  IkfEETINGS. 

Rule  15.  The  Standing  CoAmittee  shall  appoint  any  gen- 
eral meeting  which  the  objects  and  interests  of  the  Association 
may  call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for 
general  meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  pur- 
pose, give  their  attention  to  any  topics  of  science  which  would 
otherwise  come  before  the  Sections. 

It  shall  be  a  part*  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ; 
to  hear  such  reports  on  scientific  subjects  as,  from  their  general 
importance  and  interests,  the  Standing  Committee  shall  select ; 
also,  to  receive  from  the  Chairman  of  the  Sections  abstracts  of 
the  proceedings  of  their  respective  Sections ;  and  to  listen  to 
communications  and  lectures  explanatory  of  new  and  import- 
ant discoveries  and  researches  in  science,  and  new  inventions 
and  processes  in  the  arts. 


OF  THE  ASSOCIATION.  XIX 

ORDER  OF  PROCEEDINGS  IN  ORGANIZING  A  MEETING. 

Rule  16.  The  Association  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting ;  and  this  officer  having 
resigned  the  chair  to  the  President  elect,  the  General  Secretary 
shall  then  report  the  QUi;Qber  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  Association  consider 
the  most  eligible  distribution  into  Sections,  when  it  shall  pro- 
ceed to  the  election  of  the  additional  members  of  the  Standing 
Committee  in  the  manner  before  described ;  the  meeting  shaU 
then  adjourn,  and  the  Standing  Committee,  having  divided  the 
Association  into  sections  as  directed,  shall  allot  to  each  its 
place  of  meeting  for  the  Session.  The  Sections  shall  then 
organize  by  electing  their  officers  and  their  representatives  in 
the  Nominating  Colnmittee,  and  shaU  proceed  to  business. 

PERMANENT  SECRETARY. 

Rule  17.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles 
of  papers,  minutes  of  the  general  and  sectional  meetings,  and 
for  other  purposes  indicated  in  the  rules,  and  to  execute  such 
other  duties  as  may  be  directed  by  the  Standing  Committee  or 
by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  the 
Association,  of  the  business  of  which  he  has  had  charge  since 
its  last  meeting. 

All- members  are  particularly  desired  to  forward  to  the  Per- 
manent Secretary,  so  as  to  be  received  before  the  day  appointed 
for  the  Association  to  convene,  complete  titles  of  all  the  papers 
which  they  expect  to  present  during  its  meeting,  with  an  esti- 
mate of  the  time  required  for  reading  each,  and  such  abstracts 
of  their  contents  as  may  give  a  general  idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  proceedings  of  the 
Association,  he  is  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  subcommittee  of  the  Standing  Committee  for 
correction. 


XX  CONSTITUTION  OP  THE  ASSOCIATION. 

LOCAL  COMMITTSE. 

Rule  18.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at,  or  near,  the  place  of  meeting  for 
the  ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Com- 
mittee, assisted  by  the  officers,  to  jpake  arrangements  and  the 
necessary  announcements  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular 
in  regard  to  the  time  and  place  of  meetings,  and  other  particu- 
lars, at  least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Bulk  19.  The  amount  of  the  subscription,  at  each  meeting, 
of  each  member  of  the  Association,  shall  be  two  dollars,  and 
one  dollar  in  addition  shall  entitle  him  to  a  copy  of  the  pro- 
ceedings of  the'  annual  meeting.  These  subscriptions  shall  be 
received  by  the  Permanent  Secretary,  who  shall  pay  them  over, 
after  the  meeting,  to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars,  in 
addition  to  the  annual  subscription:  and  no  person  shall  be 
considered  a  member  of  the  Association  until  this  admission 
fee  and  the  subscription  for  the  meeting  at  which  he  is  elected 
have  been  paid. 

Rule  20.  The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least 
three  months,  shall  have  been  previously  given. 

ACCOUNTS. 

Rule  21.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS  OF  THE  CONSTITUTION.     . 

Rule  22.    No  article  of  this  Constitution  shall  be  altered,  or 

amended,  or  set  aside,  without  the  concurrence  of  three-fourths 

of  the  members  present,  and  unless  notice  of  the  proposed 

change.shall  have  been  given  at  the  preceding  annual  meeting.* 

*  See  page  zxii. 


RESOLUTIONS 

OF  A  FXBMANENT  AND  PROSPECnYE  CHARACTER,  ADOPTED 
AUGUST  19,   1867. 


1.  No  appointment  may  be  made  in  behalf  of  the  Associa- 
tion,  and  no  invitation  given  or  accepted,  except  by  vote  of  the 
Association  or  its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent 
Secretary  for  the  files,  within  two  weeks  after  thlB  adjournment 
of  every  meeting,  a  record  of  the  proceedings  of  the  Associa- 
tion and  the  votes  of  the  Standing  Committee.  He  shall  also, 
daily,  during  the  meetings,  provide  the  Chairman  of  the  two 
Sectional  Committees  with  lists  of  the  papers  assigned  to  their 
Sections  by  the  Standing  Committee. 

8.  All  printing  for  the  Associjition  shall  be  superintended 
by  the  Permanent  Secretary,  who  is  authorized  to  employ  a 
clerk  for  that  especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  pro- 
ceedings of  the  meeting  to  press  one  month  after  the  adjourn- 
ment of  the  Association.  Papers  which  have  not  been  received 
at  that  time  may  be  published  only  by  title.  No  notice  of 
articles  not  approved  shall  be  taken  in  the  published  proceed- 
ings. 

5.  The  Permanent  Chairman  of  the  Sections  are  to  be  con- 
sidered their  organs  of  communication  with  the  Standing  Com- 
mittee. 

6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections 
to  receive  copies  of  the  papers  read  in  their  Sections,  all  sub- 
sections included,  and  to  Aimish  them  to  the  Permanent 
Secretaiy  at  the  close  of  the  meeting.   • 

7.  The  Sectional  Committees  shall  meet  not  later  than  9 
A.H.  daily,  during  the  meetings  of  the  Association,  to  arrange 
the  programmes  of  their  respective  sections,  including  all  sub- 
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sections,  for  the  following  day.  No  paper  shall  be  placed  upon 
these  programmes  which  shall  not  have  been  assigned  to  the 
Section  by  the  Standing  Committee.  The  programmes  are  to 
be  furnished  to  the  Permanent  Secretary  not  later  than  11  a.m. 

8.  During  tl^e  meetings  of  the  Association,  the  Standing 
Committee  shall  meet  daily,  Sundays  excepted,  at  9  a.m.,  and 
the  Sections  be  called  to  order  at  10  a.m.,  unless  otherwise 
ordered.  The  Standing  Committee  shall  also  meet  on  the 
evening  preceding  the  first  assembling  of  the  Association  at 
each  annual  meeting,  to  arrange  for  the  business  of  the  first 
day ;  and  on  th^  occasion  three  shall  form  a  quorum. 
*  9.  Associate  members  may  be  admitted  for  one,  two,  or 
three  years  as  they  shall  choose  at  the  time  of  admission, — to 
be  elected  in  the  same  way  as  permanent  members,  and  to  pay 
the  same  dues.  They  shall  have  all  the  social  and  scientific 
privileges  of  members,  without  taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  busi- 
ness arrangement  of  both  the  Sections. 


It  has  been  proposed  to  amend  Bole  6  of  the  Constitntion,  by  inserting  before 
the  l^t  section  the  following :  "  When  not  otherwise  ordered,  the  snV-sections  shall 
be  al follows : 

Section  A.  — 1.  Mathematics  and  Astronomy;  3.  Physics  and  Chemistry;  8. 
Microscopy. 

Sbctton  B.— 1.  Zoology  and  Botany;  2.  Geology  and  Palaeontology;  3.  Eth- 
nology and  ArchaBology.^' 


MEMBERS 

OP  THE 

AMERICAN  ASSOCIATION 

FOR  THE 

ADVANCEMENT  OF  SCIENCE. 


Abbe,  Cleveland,  Cincinnati,  Ohio  (16). 
*Adams,  C:  B.,  Amherst,  Massachusetts  (1). 

Adelbcrg,  Jnstns,  New  York,  New  York  (16). 

Agassiz,  Louis,  Cambridge,  Massachusetts  (1). 

Aiken,  W.  E.  A.,  Baltimore,  Maryland  (12). 

Albert,  Angnstns  J.,  Baltimore,  Maryland  (12). 

Allen,  Zachariah,  Providence,  Rhode  Island  (1). 

Alvord,  Benjamin,  Omaha,  Nebraska  (17). 
*Ames,  M.  P.,  Springfield,  Massachusetts  (1). 

Andrews,  Ebene^r,  Chicago,  Illinois  (17). 

Andrews,  Edmund,  Chicago,  Illinois  (17). 

Andrews,  E.  B.,  Marietta,  Ohio  (7). 

Andrews,  Joseph  H.,  Chicago,  Illinois  (17). 

Angell,  James  B.,  Burlington,  Vermont  (16). 
♦Appleton,  Nathan,  Boston,  Massachusetts  (1). 

Atwater,  Elizabeth  B.,  Chicago,  Illinois  (17). 

Atwater,  Samuel  T.,  Chicago,  Illinois  (17). 

B. 

Babcock,  Henry  H.,  Chicago,  Illinoifl  (17). 
♦Bache,  Alexander  D.,  Washington,  District  of  Columbia  (1). 

Bacon,  John,  Jr.,  Boston,  Massachusetts  (1). 
♦Bailey,  J.  W.,  West  Point,  New  York  (1). 

Balrd,  Lyman,  Chicago,  Illinois  (17). 

Baird,  S.  F.,  Washington,  District  of  Columbia  (1). 

Note.— Names  of  deceased  members  are  marked  with  an  asterisk  [*].  The 
figure  at  the  end  of  each  name  refers  to  the  meeting  at  which  the  elections  took 
place. 
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Bannister,  Henry  M.,  Evanston,  niinote  (17). 

Bardwell,  F.  W.,  Jacksonville,  Florida  (13). 

Barker,  G.  F.,  New  Haven,  Connecticut  (18). 

Barnard,  F.  A.  P.,  New  York,  New  York  (7). 

Barnard,  J.  G.,  Washington,  District  of  Colombia  (14). 

Basnett,  Thomas,  Ottawa,  Illinois  (8). 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  (8). 

Beaty,  John  F.,  Chicago,  Illinois  (17). 
♦Beck,  C.  F.,  Philadelphia,  Pennsylvania  (1). 
♦Beck,  Lewis  C,  New  Brunswick,  New  Jersey  (1). 
♦Beck,  T.  Romeyn,  Albany,  New  York  (1). 

Beebe,  G.  D.,  Chicago,  Illinois  (17). 
♦Bell,  Samuel  N.,  Manchester,  New  Hampshire  (7). 

Benedict,  G.  W.,  Burlington,  Vermont  (16).. 

Bickmore,  Albert  S.,  New  York,  New  York  (17). 

Bigelow,  Geprge  H.,  Burlington,  Vermont  (16). 

BUI,  Charles,  Chicago,  Illinois  (17). 
♦Binney,  Amos,  Boston,  Massachusetts  (1). 
♦Binney,  John,  Boston,  Massachusetts  (8). 

Blake,  Eli  W.,  Ithaca,  New  York  (16). 

Blake,  Eli  W.,  New  Haven,  Connecticut  (1). 

Blake,  W.  P.,  San  Francisco,  California  (2). 
♦Blanding,  William,  Rhode  Island  (1). 

Blaney,  J.  Van  Zandt,  Chicago,  Illinois  (12). 

Blatchford,  Eliphalet  W.,  Chicago,  Illinois  (17). 

BoUes,  E.  C,  Brooklyn,  New  York  (17). 

Bolton,  H.  C,  New  York,  New  York  (17). 
♦Bomford,  George,  Washington,  District  of  Columbia  (1). 

Bouv^,  Thomas  T.,  Boston,  Massachusetts  (1). 

Bowditch,  Henry  I.,  Boston,  Massachusetts  (2). 

Bo  wen,  Chauncey  W.,  Chicago,  Illinois  (17). 

Bradley,  Francis,  Chicago,  Illinois  (17). 

Bradley,  L.,  Jersey  City,  New  Jersey  (15). 

Brevoort,  J.  Carson,  Brooklyn,  New  York  (1). 

Brlggs,  A.  D.,  Springfield,  Massachusetts  (13). 

Briggs,  S.  A.,  Chicago,  Illinois  (17). 

Bross,  William,  Chicago,  Illinois  (7). 

Brown,  Robert,  Jr.,  Cincinnati,  Ohio  (11). 

Brush,  George  J.,  New  Haven,  Connecticut  (11). 

Bryan,  Thomas  B.,  Chicago,  Illinois  (17). 

Buchanan,  Robert,  Cincinnati,  Ohio  (2). 
♦Bumap,  G.  W.,  Baltimore,  Maryland  (12). 
♦Burnett,  Waldo  I.,  Boston,  Massachusetts  (1). 

Burroughs,  J.  C,  Chicago,  Illinois  (17). 

Bushee,  James,  Worcester,  Massachusetts  (9). 

Butler,  Thomas  B.,  Norwalk,  Connecticut  (10). 
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Calhoun,  John  B.,  Chicago,  Illinois  (17). 

Canby,  William  M.,  Wilmington,  Delaware  (17). 
♦Carpenter,  Thornton,  Camden,  South  Carolina  (7). 
♦Carpenter,  William  M.,  New  Orleans,  Louisiana  (1). 

Carter,  Asher,  Chicago,  Illinois  (17) 

Case,  Leonard,  Cleveland,  Ohio  (16). 

Case,  L.  B.,  Richmond,  Indiana  (17). 
^  ♦Case,  William,  Cleveland,  Ohio  (6). 

Cassels,  J.  L.,  Cleveland,  Ohio  (7). 

Caswell,  Alexis,  Providence,  Rhode  Island  (2). 

Cattell,  William  C,  Easton,  Pennsylvania  (16). 

Chadboum,  P.  A.,  Madison,  Wisconsin  (10). 

Chanute,  O.,  Kansas  City,  Kansas  (17). 

Chapman,  F.  M.,  Chicago,  Illinois  (17). 
♦Chapman,  N.,  Philadelphia,  Pennsylvania  (1). 

Chase,  George  I.,  Providence,  Rhode  Island  (1).  , 
♦Chase,  S.,  Dartmouth,  New  Hampshire  (2). 
Chauvenet,  William,  St.  Louis,  Missouri  (1). 
Chesbroogh,  £.  S.,  Chicago,  lUinois  (2). 
Chittenden,  L.  E.,  New  York,  New  York  (14). 
♦Clapp,  Asohel,  New  Albany,  Indiana  (1)% 

Clark,  John  E.,  Yellow  Springs,  Ohio  (17). 
♦Clark,  Joseph,  Cincinnati,  Ohio  (6). 
♦Cleveland,  A.  B.,  Cambridge,  Massachusetts  (2). 
Cochran,  D.  H.,  Brooklyn,  NewTork  (1.6). 
Coffin,  James  H.,  Easton,  Pennsylvania  (1). 
Coffin,  John  H.  C,  Washington,  District  of  Columbia  (1). 
Colbert,  E.,  Chicago,  Illinois  (17). 
♦Cole,  Thomas,  Salem,  Massachusetts  (1). 
♦Coleman,  Henry,  Boston,  Massachusetts  (1). 
Conant,  Marshall,  Northampton,  Massachusetts^  (7). 
Conkllng,  Frederick  A.,  New  York,  New  York  (11). 
Cope,  Edward  D.,  Philadelphia,  Pennsylvania  (17). 
Copes,  Joseph  S.,  New  Orleans,  Louisiana  (11). 
Coming,  Erastus,  Albany,  New  York  (6). 
Craig,  B.  F.,  Washington,  District  of  Columbia  (16). 
Cramp,  J.  M.,  Acadia  College,  Nova  Scotia  (11). 
Crosby,  Alpheus,  ^alem,  Massachusetts  (10). 
Culver,  Howard  Z.,  Chicago,  Illinois  (17). 
Cummings,  Joseph,  Mlddletown,  Connecticut  (18). 
Cutting,  Hiram  A.,  Lunenburg,  Vermont  (17). 

D. 

Dalrymple,  £.  A.,  Baltimore,  Maryland  (11). 
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Dana,  James  D.,  New  Haven,  Connecticut  (1). 

Danforth,  Edward,  Troy,  New  York  (11). 

Davis,  James,  Boston,  Massachusetts  (1). 

Davis,  N.  S.,  Chicago,  Illinois  (17). 

Dawson,  J.  W.,  Montreal,  Canada  (10). 
♦Dean,  Amos,  Albany,  New  York  (6). 

Dean,  George  W.,  Fall  River,  Massachusetts  (16). 
♦Dearborn,  George  H.  A.  S.,  Roxbury,  Massachusetts  (1). 
♦Dekay,  James  E.,  New  York,  New  York  (1). 

Delano,  B.  L.,  Boston,  Massachusetts  (16). 

Delano,  Joseph  C,  New  Bedford,  Massachusetts  (5). 
♦Dewey,  Chester,  Rochester,  New  York  (1). 

Dexter,  G.  M.,  Boston,  Massachusetts  (11). 

Dinwiddle,  Robert,  New  York,  New  York  (1). 

Dixwell,  Eps  S.,  Cambridge,  Massachusetts  (1). 

Doggett,  Kate  N.,  Chicago,  Illinois  (17). 

Doggett,  William  E.,  Chicago,  Illinois  (17). 

Dorr,  E.  P.,  Buffalo,  New  York  (16). 

Downes,  John,  Washington,  District  of  Columbia  (10). 

Drowne,  Charles,  Troy,  New  York  (6). 
♦Ducatel,  J^  T.,  Baltimore,  Maryland  (1). 
♦Dumont,  A.  H.,  Newport,  Rhode  Island  (14). 
♦Duncan,  Lucius  C,  New  Orleans,  Louisiana  (10). 

Duncan,  T.  C,  Chicago,  Illinois  (17). 
♦Dunn,  R.  P.,  Providence,  Rhode  Island  (14). 

Djer,  Elisha,  Providence,  Rhode  Island  (9). 

E. 

Easton,  Norman,  Fall  River,  Massachusetts  (14). 
Eaton,  Daniel  C,  New  Haven,  Connecticut  (13). 
Eaton,  James  H.,  Amherst,  Massachusetts  (17). 
Edwards,  J.  B.,  Montreal,  Canada  (17). 
Eimbeck,  William,  St.  Louis,  Missouri  (17). 
Eliot,  Charles  W.,  Boston,  Massachusetts  (14). 
Elliott,  Ezekiel  B.,  Washington,  District  of  Columbia  (10). 
Elwjm,  Alfted  L.,  Philadelphia,  Pennsylvania  (1.) 
Emerson,  George  B.,  Boston,  Massachusetts  (1). 
Englemann,  George,  St.  Louis,  Missouri  (1). 
Engstrom,  A.  B.',  Burlington,  New  Jersey  (1). 
Eustls,  Henry  L.,  Cambridge,  Massachusetts  (2). 
♦Everett,  Edward,  Boston,  Massachusetts  (2). 


Fairbanks,  Henry,  Hanover,  New  Hampshire  (14). 
Farmer,  Moses  G.,  Salem,  Massachusetts  (9). 
Famham,  Thomas,  BuffiUo,  New  York  (16). 
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Farrar,  Henry  W.,  Chicago,  Illinois  (17). 

Ferrell,  William,  Nashville,  Tennessee  (11). 

Ferris,  Isaac,  New  York,  New  York  (6). 

Feachtwanger,  Lonis,  New  York,  New  York  (11). 

Fillmore,  Millard,  BuflTalo,  New  York  (7). 

Fisher,  Davenport,  Milwaokie,  Wisconsin  (17). 

Fisher,  Mark,  Trenton,  New  Jersey  (10). 
*  Fitch,  Alexander,  Hartford,  Connecticut  (1). 

Fitch,  Edward  H.,  Ashtabula,  Ohio  (11). 

Fitch,  O.  H.,  Ashtabula,  Ohio  (7). 
♦Forbush,  E.  B.,  Buffiilo,  New  York  (16). 

Foster,  Henry,  Clifton,  New  York  (17). 

Foster,  John,  Schenectady,  New  York  (17). 

Foster,  J.  W.,  Chicago,  Illinois  (1). 
*Fox,  Charles,  Qrosse  Isle,  Michigan  (7). 

Frothingham,  Frederick,  Builklo,  New  York  (11). 

G. 

*Gay,  Mar^,  Boston,  Massachusetts  (1). 

Gibbon,  J.  H.,  Charlotte,  North  Carolina  (8). 

Gibbs,  Wolcott,  Cambridge,  Massachusetts  (I). 

Gill,  Theodore,  Washington,  District  of  Columbia  (17). 
♦Gillespie,  W.  M.,  Schenectady,  New  York  (10). 

Oilman,  Daniel  C,  New  Haven,  Connecticut  (10).- 
♦Gllmor,  Robert,  Baltimore,  Maryland  (1). 

Glynn,  James,  Geneva,  New  York  (1). 

Gold,  Theodore  S.,  West  Cornwall,  Connecticut  (4). 
♦Gould,  Augustus  A.,  Boston,  Massachusetts  (11). 
♦Gould,  B.  A.,  Boston,  Massachusetts  (2). 

Gould,  B.  A.,  Cambridge,  Massachusetts  (2). 
♦Graham,  James  D.,  Washington,  District  of  Columbia  (1). 

Gray,  Asa,  Cambridge,  Massachusetts  (1). 
♦Gray,  James  H.,  Springfield,  Massachusetts  (6). 

Greeley,  Samuel  S.,  Chicago,  Illinois  (17). 

Green,  Traill,  Easton,  Pennsylvania  (1). 
♦Greene,  Benjamin  D.,  Boston,  Massachusetts  (1). 

Greene,  Dascom,  Troy,  New  York  (17). 

Greene,  Francis  C,  Easthampton,  Massachusetts  (11). 
♦Griffith,  Robert  E.,  Philadelphia,  Pennsylvania  (1). 

Grimes,  J.  S.,  New  York,  New  York  (17). 

Grinnan,  A.  G.,  Orange  Court  House,  Virginia  (7). 

Grover,  Z.,  Chicago,  Illinois  (17). 

Guyot,  Arnold,  Princeton,  New  Jersey  (1). 

H. 

♦Hackley,  Charles  W.,  New  York,  New  York  (4). 
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Hadley,  George,  BuHisile,  New  York  (6). 

Hager,  Hermann  A.,  Cambridge,  Massachasetts  (17). 

Haldeman,  S.  S.,  Ck>lambla,  Pennsylvania  (1). 

Hale,  Edwin  M.,  Chicago,  Hlinois  (17). 
*Hale,  Enoch,  Boston,  Massachasetts  (1). 

Hall,  James,  Albany,  New  York  (1). 

Hall,  N:  K.,  BulIWo,  New  York  (7). 

Hamlin,  A.  C,  Bangor,  Maine  (10). 

Hance,  Ebenezer,  Morrisville,  Pennsylvania  (7). 

Hanover,  M.  D.,  Cincinnati,  Ohio  (18). 
•Hare,  Robert,  Philadelphia,  Pennsylvania  (11). 
♦Harlan,  Joseph  G.,  Haverford,  Pennsylvania  (8). 
♦Harlan,  Richard,  Philadelphia,  Pennsylvania  (1). 
♦Harris,  Thaddens  W.,  Cambridge,  Massachusetts  (1). 

Harrison,  B.  P.,  Wallingford,  Connecticut  (11). 
♦Hart,  Simeon,  Farmington,  Connecticut  (1). 

Hartshome,  Henry,  Philadelphia,  Pennsylvania  (12). 

Haven,  Joseph,  Chicago,  Hlinois  (17). 

Hawkins,  B.  W.,  New  York,  New  York  (17). 
♦Hayden,  H.  H.,  Baltimore,  Maryland  (1). 

Hayes,  George  E.,  BufiUo,  New  York  (16). 
♦  Hayward,  James,  Boston,  Massachubetts  (1). 

Henry,  Joseph,  Washington,  District. of  Columbia  (1). 

.Herzer,  W.,  Columbus,  Ohio  (15). 

Hickcox,  S.  V.  R.,  Chicago,  Hlinois  (17). 

Hickok,  W.  C,  Burlington,  Vermont  (16). 

Hilgard,  Eugene  W.,  Oxford,  Mississippi  (11). 

HUgard,  Julius  E.,  Washington,  District  of  Columbia  (4). 

Hilgard,  Theodore  C,  St.  Louis,  Missouri  (17). 

Hill,  S.  W.,  Hancock,  Lake  Superior  (6). 

Hill,  Thomas,  Waltham,  Massachusetts  (8). 

Hlnrichs,  Gustavus,  Iowa  City,  Iowa  (17). 

Hitt,  Isaac  R.,  Chicago,  Illinois  (17). 

Hitchcock,  Charles  H.,  Hanover,  New  Hampshire  (11). 
♦Hitchcock,  Edward,  Amherst,  Massachusetts  (1). 

Hitchcock,  Edward,  Amherst,  Massachusetts  (4). 

Hoadley,  E.  S.,  Springfield,  Massachusetts  (13). 

Holbrook,  J.  E.,  Charleston,  South  Carolina  (1).   • 

Holmes,  E.  L.,  Chicago,  Illinois  (17). 

Holmes,  Henry  A.,  Albany,  New  York  (11). 

Horsford,  E.  N.,  Cambridge,  Massachusetts  (1). 
♦Horton,  William,  CralgvlUe,  New  York  (1). 

Hough,  Franklin  B.,  LowvlUe,  New  York  (4). 

Hough,  G.  W.,  Albany,  New  York  (16). 
♦Houghton,  Douglas,  Detroit,  Michigan  (1). 

Howell,  Robert,  Nichols,  New  York  (6).      , 
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Hoy,  Phllo  R.,  Racine,  Wisconsin  (17). 

Hubbard,  Gurdon  S.,  Chicago,  Illinois  (17). 

Hubbard,  Oliver  P.,  Hanover,  New  Hampshire  (1). 

Hubbard,  Sara  A.,  Kalamazoo,  Michigan  (17). 
♦Hubbert,  James,  Richmond,  Province  of  Quebec  (16). 

Hungerford,  Edward,  Burlington,  Vermont  (10). 

Hunt,  Charles  S.,  New  York,  New  York  (17). 
*Hunt,  E.  B.,  Washington,  District  of  Columbia  (2). 
•Hunt,  Freeman,  New  York,  New  York  (11). 

Hunt,  George,  Providence,  Rhode  Island  (9). 

Hunt,  T.  Sterry,  Montreal,  Canada  (1). 

Hyatt,  James,  Bangall,  New  York  (10). 

I. 

•Ives,  Thomas  P.,  Providence,  Rhode  Island  (10). 


Jenks,  J.  W.  P.,  Mlddleboro',  Massachusetts  (2). 

Jlllson,  B.  C,  Nashville,  Tennessee  (14). 
•Johnson,  W.  R.,  Washington,  District  of  Columbia  (1). 

Johnston,  John,  Middletown,  Connecticut  (1). 
•Jones,  Catesby  A.  R.,  Washington,  District  of  Columbia  (8). 

Joy,  C.  A.,  New  York,  New  York  (8). 

Judd,  Orange,  New  York,  New  York  (4). 


Eedzle,  J.  H.,  Chicago,  Illinois  (17). 
Keely,  G.  W.,  WatervUle,  Maine  (1). 
Keep,  N.  C,  Boston,  Massachusetts  (18). 
Kerr,  W.  C,  Raleigh,  North  Carolina  (10). 
Kiml)all,  J.  P.,  New  York,  New  York  (16). 
King,  Mary  B.  A.,  Rochester,  New  York  (15). 
Klrkpatrlck,  James  A.,  Philadelphia,  Pennsylvania  (7). 
Kirk  wood,  Daniel,  Canonsbnrg,  Pennsylvania  (7). 
Kite,  Thomas,  Cincinnati,  Ohio  (5). 
Kllppart,  John  H.,  Columbus,  Ohio  (17). 
Knickerbocker,  Charles,  Chicago,  Illinois  (17). 

L. 

Lapham,  Increase  A.,  Milwaukee,  Wisconsin  (8). 
•Lasel,  Edward,  Wllllamstown,  Massachusetts  (1). 
Lattlmore,  S.  A.,  Rochester,  New  York  (16). 
Lawrence,  George  N.,  New  York,  New  York  (7). 
Lea,  Isaac,  Philadelphia,  Pennsylvania  (>). 
Leakln,  George  A.,  Baltimore,  Maryland  (17). 
LeConte,  John  L.,  Philadelphia,  Pennsylvania  (1). 
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*Lederer,  Baron  von,  Washington,  District  of  Columbia  (1). 

Lesley,  Joseph,  Jr.,  Philadelphia,  Pennsylvania  (8). 

Lesley,  J.  P.,  Philadelphia,  Pennsylvania  (2). 

Letchworth,  WiUiam  P.,  Portage,  New  York  (16). 
*Lieber,  Oscar  M.,  Columbia,  South  Carolina  (8). 
*Llncklaen,  Ledyard,  Cazenovia,  New  York  (1) 

Lincoln,  Robert  T.,  Chicago,  Illinois  (17). 

Lindsley,  J.  B.,  Nashville,  Tennessee  (1). 
^Llnsley,  James  H.,  Stafford,  Connecticut  (1). 

Little,  George,  Oxford,  Mississippi  (15). 

Locke,  Luther  F.,  Nashua,  New  Hampshire  (7). 

Logan,  William  £.,  Montreal,  Canada  (1). 

Lombard,  Benjamin,  Chicago,  Illinois  (17). 

Loomis,  Ellas,  New  Haven,  Connecticut  (1). 

Loosey,  Charles  F.,  New  York,  New  York  (12). 
*Lothrop,  Joshua  R.,  Buffalo,  New  York  (16). 

Levering,  Joseph,  Cambridge,  Massachusetts  (2). 

Lunn,  William,  Montreal,  Canada  (11). 

Lupton,  N.  T.,  Greensboro,  Alabama  (17). 

Lyman,  B.  S.,  Philadelphia,  Pennsylvania  (16). 

Lyman,  Chester  S.,  New  Haven,  Connecticut  (14). 

Lyman,  Henry  M.,  Chicago,  Illinois  (17). 

Lynch,  P.  N.,  Charleston,  South  Carolina  (2). 

M. 

♦M'Conihe,  Isaac,  Troy,  New  York  (4). 

McCagg,  Ezra  B.,  Chicago,  Illinois  (17). 

McMurtrie,  Horace,  Boston,  Massachusetts  (17). 

McRae,  John,  Camden,  South  Carolina  (8). 

Marcy,  Oliver,  Evanston,  Illinois  (10). 
♦Marsh,  Dexter,  Greenfield,  Massachusetts  (1). 

Marsh,  H.  H.,  Chicago,  Illinois  (17). 

Marsh,  O.  C,  New  Haven,  Connecticut  (16). 

Marshall,  Charles  D.,  Buffalo,  New  York  (16). 

Marshall,  Orasmus  H.,  Buffalo,  New  York  (16). 
♦Mather,  William  W.,  Columbus,  Ohio  (1). 

Mauran,  J.,  Providence,  Rhode  Island  (2). 

Mayhew,  D.  P.,  Ypsllanti,  Michigan  (18). 

Maynard,  Alleyne,  Cleveland,  Ohio  (7). 

Meade,  George  G.,  Philadelphia,  Pennsylvania  (16). 

Means,  A.,  Oxford,  Georgia  (5). 

Meehan,  Thomasj  Gerroantown,  Penhsylvania  (17). 

Meek,  F.  B.,  Washington,  District  of  Columbia  (G). 

Meigs,  James  A.,  Philadelphia,  Pennsylvania  (12) 

Miles,  Henry  H.,  Quebec,  Canada  East  (II). 

Miller,  Samuel,  New  Haven,  Connecticut  (14). 
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MlDifle,  William,  Baltimore,  Maryland  (12). 
Mitchell,  Maria,  Fouglikeepsie,  New  York  (4). 
Mitchell,  William  H.,  Florence,  Alabama  (17). 
Morgan,  Lewis  H.,  Rochester,  New  York  (10). 
Morris,  John  G.,  Baltimore,  Maryland  (12). 
*  Morton,  S.  G.,  Philadelphia,  Pennsylvania  (1). 
Murray,  David,  New  Brunswick,  New  Jersey  (11). 

N. 

Nason,  Henry  B.,  Troy,  New  York  (13). 

Nelson,  Cleland  K.,  Annapolis,  Maryland  (12). 

Newberry,  J.  S.,  New  York,  New  York  (6). 

Newcomb,  Simon,  Washington,  District  of  Columbia  (13). 
♦Newton,  E.  H.,  Cambridge,  New  York  (1). 

Newton,  Hubert  A.,  New  Haven,  Connecticut  (6). 

Nichols,  Charles  A.,  Providence,  Rhode  Island  (17;. 
♦NicoUett,  J.  N.,  Washington,  District  of  Columbia  (1). 
.  Niles,  W.  H.,  Cambridge,  Massachusetts  (16). 
♦Norton,  J.  P.,  New  Haven,  Connecticut  (1). 

Norton, .W.  A.,  New  Haven,  Connecticut  (6). 

o. 

♦Oakes,  William,  Ipswich,  Massachusetts  (1). 

Ogden,  Mahlon  D.,  Chicago,  Illinois  (17). 

Ogden,  W.  B.,  Chicago,  lUinois  (17). 

Oliver,  James  Edward,  New  York,  New  York  (7). 
♦Olmsted,  Alexander  F.,  New  Haven,  Connecticut  (4). 
♦Olmsted,  Denison,  Ilew  Haven,  Connecticut  (1). 
•Olmsted,  Denison,  Jr.,  New  Haven,  Connecticut  (1). 

Ordway,  John  M.,  Jamaica  Plain,  Massachusetts  (9). 

Osten  Sacken,  Baron  R.  von.  New  York,  New  York  (10). 

P. 

Packard,  A.  S.,  Jr.,  Salem,  Massachusetts  (16). 
Page,  Peter,  Chicago,  Illinois  (17). 
Paine,  Cyma  F.,  Rochester,  New  York  (12). 
Painter,  Minshall,  Lima,  Pennsylvania  (7). 
♦Parkman,  Samuel,  Boston,  Massachusetts  (1). 
Parmelee,  Dubois  D.,  New  York,  New  York  (16). 
Parry,  Charles  C,  Washington,  District  of  Columbia  (6). 
Peabody,  S.  H.,  Chicago,  Illinois  (17). 
Peck,  Edward  W.,  Burlington,  Vermont  (16).  ^ 

Peirce,  Bei^amln,  Cambridge,  Massachusetts  (I). 
Perkins,  George  H.,  Providence,  Rhode  Island  (17). 
Perkins,  George  R.,  Utlca,  New  York  (1). 
Perkins,  Maurice,  Schenectady,  New  York  (15). 
Perry,  John  B.,  Cambridge,  Massachusetts  (16). 
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♦Perry,  M.  C,  New  York,  New  York  (10). 

Phelps,  Almira  L.,  Baltimore,  Maryland  (13). 

Phelps,  Charles  E.,  Baltimore,  Maryland  (13). 
♦Plumb,  Ovid,  Salisbury,  Connecticut  (9). 
♦Porter,  John  A.,  New  Haven,  Connecticut  (14). 

Pourtales,  L.  F.,  Washington,  District  of  Columbia  (1). 

Powell,  Edwin,  Chicago,  lUinols  (17). 

Prescott,  William,  Concord,  New  Hampshire  (1). 

Pruyn,  J.  V.  L.,  Albany,  New  York  (1). 
♦Pugh,  Evan,  Centre  Co.,  Pennsylvania  (14). 

Pumpelly,  Raphael,  Cambridge,  Massachusetts  (17). 

Putnam,  F.  W.,  Salem,  Massachusetts  (10). 

Q. 

Quincy,  Edmund,  Jr.,  Boston,  Massachusetts  (11). 

R. 

Ranch,  J.  H.,  Chicago,  Illinois  (11). 

Raymond,  R.  W.,  New  York,  New  York  (16). 

Read,  Daniel,  Columbia,  Missouri  (11). 

Redfleld,  John  H.,  Philadelphia,  Pennsylvania  (1). 
♦Redfield,  WUliam  C,  New  York,  New  York  (1). 

Riley,  Charles  V.,  St.  Louis,  Missouri  (17). 

Ritchie,  £.  S.,  Boston,  Massachusetts  (10). 

Robertson,  Thomas  D.,  Rockford,  Illinois  (10). 

Rochester,  Thomas  F.,  BufRilo,  New  York  (16).     • 

Rockwell,  Alfred  P.,  New  Haven,  Connecticut  (10). 

Rockwell,  John,  La  Salle,  Illinois  (11). 
♦Rockwell,  John  A.,  Norwich,  Connecticut  (10). 

Rockwell,  Joseph  P.,  New  Haven,  Connecticut  (17). 

Rodman,  William  M.,  Providence,  Rhode  Island  (9). 

Rogers,  Falrman,  Philadelphia,  Pennsylvania  (11). 
♦Rogers,  James  B.,  Philadelphia,  "Pennsylvania  (1). 

Rogers,  W.  A.,  Alfred  Centre,  New  York  (16). 

Rogers,  W.  B.,  Boston,  Massachusetts  (1). 

Rood,  O.  N.,  New  York,  New  York  (14). 

Roosevelt,  Clinton,  New  York,  New  York  (11). 

Root,  Edward  W.,  Clinton,  New  York  (17). 

Rumsey,  Bronson  C,  Buffalo,  New  York  (16). 

Rumsey,  George  T.,  Chicago,  Illinois  (17). 

Runkle;  J.  D.,  Boston,  Massachusetts  (2). 

Rutherford,  Louis  M.,  -New  York,  New  York  (13). 

Ryerson,  Joseph  T..  Chicago,  Illinois  (17). 

S. 

Safford,  J.  M.,  Nashville,  Tennessee  (6). 
Safford,  Truman,  H.,  Chicago,  Illinois  (18). 
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Sanborn,  Francis  G.,  Boston,  Massachusetts  (13). 

Sargent,  BufUs,  Auburn,  New  York  (10). 

Scammon,  J.  Young,  Chicago,  Illinois  (17). 

Schanck,  J.  Stillwell,  Princeton,  New  Jersey  (4). 

Schott,  Charles  A.,  Washington,  District  of  Columbia  (8). 

Scudder,  Samuel  H.,  Cambridge,  Massachusetts  (18). 

Seward,  William  H.,  Auburn,  New  York  (1). 

Sheafer,  P.  W.,  Pottsville,  Pennsylvania  (4). 

Sheldon,  Edwin  H.,  Chicago,  Illinois  (17). 

Shepard,  C.  U.,  Amherst,  Massachusetts  (4). 

Sherwood,  Albert,  Buffalo,  New  York  (16). 

Sias,  Solomon,  Charlotteville,  New  York  (10). 

Sill,  Elisha  N.,  Cuyahoga  Falls,  Ohio  (6). 
'^Silliman,  Benjamin,  New  Haven,  Connecticut  (1). 

Silliman,  Benjamin,  New  Haven,  Connecticut  (1). 

Smith,  A.  D.,  Providence,  Rhode  Island  (14). 

Smith,  J.  L.,  St.  Louis,  Missouri  (14). 
♦Smith,  J.  v.,  Cincinnati,  Ohio  (6). 

Smith,  James  Y.,  Providence,  Rhode  Island  (9). 
♦Smith,  Lyndon  A.,  Newark,  New  Jersey  (9). 

Snell,  Eben  S.,  Amherst,  Massachusetts  (2). 
♦Sparks,  Jared,  Cambridge,  Massachusetts  (2). 

Spencer,  Charles  A.,  Brooklyn,  New  York  (14). 

Sprague,  Albert  A.,  Chicago,  Illinois  (17). 

Spring,  Charles  H.,  Boston,  Massachusetts  (13). 

Stanard,  Benjamin  A.,  Cleveland,  Ohio  (6). 

Steams,  Josiah  A.  ,Bo8ton,  Massachusetts  (10). 

Steincr,  Lewis  H.,  Frederick  City,  Maryland  (7). 

Stimpson,  William,  Chicago,  Illinois  (12). 

Stoddard,  0.  N.,  Oxford,  Ohio  (7). 

Stone,  Samuel,  Chicago,  Illinois  (17). 

Storer,  D.  H.,  Boston,  Massachusetts  (1). 

Storer,  Frank  H.,  Boston,  Massachusetts  (18). 

Sullivant,  W.  S.,  Columbus,  Ohio  (7). 

Swasey,  Oscar  F.,  Beverly,  Massachusetts  (17). 

T. 

♦Tallmadge,  James,  New  York,  New  York  (1). 
♦Taylor,  Richard  C,  Philadelphia,  Pennsylvania  (1). 

Tenney,  Samuel,  Williamstown,  Massachusetts  (17). 
♦Teschemacher,  J.  £.,  Boston,  Massachusetts  (1). 

Thompson,  Aaron  R.,  New  York,  New  York  (1). 

Thompson,  Harvey  M.,  Chicago,  Illinois  (17). 
♦Thompson,  Z.,  Burlington,  Vermont  (1). 
♦Thnrber,  Isaac,  Providence,  Rhode  Island  (9). 

Tillman,  S.  D.,  New  York,  New  York  (15). 
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TIngley,  Jeremiah,  MeadvUle,  Pennsylvania  (15). 

Tlngley,  Joseph,  Qreencastle,  Indiana  (14). 

Tolles,  Robert  B.,  Boston,  Massachusetts  (15). 

Torrey,  John,  New  York,  New  York  (1). 
♦Totten,  J.  G.,  Washington,  District  of  Columbia  (1), 

Townsend,  Franklin,  Albany,  New  York  (4). 
•Townsend,  John  K.,  Philadelphia,  Pennsylvania  (1). 

Townshend,  N.  S.,  Avon,  Ohio  (17). 

Tracy,  John  F.,  Chicago,  Illinois  (17). 

Trembly,  J.  B.,  Toledo,  Ohio  (17). 
♦Troost,  Gerard,  Nashville,  Tennessee  (1). 

True,  Nathaniel  T.,  Bethel,  Maine  (17). 
*Tuomey,  M.,  Tuscaloosa,  Alabama  (1). 

Tuttle,  Albert  H.,  Cleveland,  Ohio  (17). 
♦Tyler,  Edwaird  R.,  New  Haven,  Connecticut  (1). 

Tyson,  Philip  T.,  Baltimore,  Maryland  (12). 

u. 

,  Upham,  J.  Baxter,  Boston,  Massachusetts  (14). 
Upton,  George  P.,  Chicago,  Illinois  (17). 

V. 

♦  Vancleve,  John  W.,  Dayton,  Ohio  (1) 

Van  der  Weyde,  P.  H.,  New  York,  New  York  (17). 
Van  Duzee,  Mary  K.,  BuffWo,  New  York  (16). 
Van  Pelt,  William,  Williamsville,  New  York  (7). 
♦Vanuxem,  Lardner,  Bristol,  Pennsylvania  (1). 
Vaux,  William  S.,  Philadelphia,  Pennsylvania  (-1). 
Verrill,  A.  E.,  New  Haven,  Connecticut  (16). 
Vose,  George  L.,  Paris  Hill,  Maine  (16), 
Vought,  John  H.,  Buffldo,  New  York  (15). 

w. 

Waddell,  John  N.,  Oxford,  Mississippi  (17). 

♦  Wadsworth,  James  S.,  Genesee,  New  York  (2). 

♦  Wagner,  Tobias,  Philadelphia,  Pennsylvania  (9). 
Wales,  Torrey  E.,  Burlington,  Vermont  (16). 
Wales,  William,  Fort  Lee,  New  York  (16). 
Walker,  George  C,  Chicago,  Illinois  (17). 

•Walker,  Joseph,  Oxford,  New  York  (10). 

♦Walker,  Sears  C,  Washington,  District  of  Columbia  (1). 

♦Walker,  Timothy,  Cincinnati,  Ohio  (4). 

Walling,  H.  F.,  Easton,  Pennsylvania  (16). 

Ward,  Henry  A.,  Rochester,  New  York  (18). 

Ward,  R.  H.,  Troy,  New  York  (17). 

Warren,  G.  E.,  Washington,  District  of  Columbia  (12). 
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♦Warren,  John  C,  Boston,  Massachusetts  (1). 

Watson,  James  C,  Ann  Arbor,  Michigan  (18). 

Watson,  William,  Cambridge,  Massachusetts  (12). 
♦Webster,  H.  B.,  Albany,  New  York  (1). 
♦Webster,  J.  W.,  Cambridge,  Massachusetts  (1). 
♦Webster,  M.  H.,  Albany,  New  York  (1). 

Webster,  Nathan  B.,  Eenansville,  North  Carolina  (7). 

Wenz,  J.,  New  Orleans,  Louisiana  (16). 

Wheatland,  Henry,  Salem,  Massachusetts  (1). 
♦Wheatland,  Richard  H.,  Salem,  Massachusetts  (18). 

Wheatley,  Charles  M.,  Phoenixville,  Pennsylvania  (1). 

Wheeler,  T.  B.,  Montreal,  Canada  (11). 

Wheildon,  W.  W.,  Charlestown,  Massachusetts  (18). 

Whitney,  Asa,  Philadelphia,  Pennsylvania  (1). 

Whitney,  William  D.,  New  Haven,  Connecticut  (12). 

Whittlesey,  Charles,  Cleveland,  Ohio  (1). 
♦  Willard,  Emma,  Troy,  New  York  (15). 

Williams,  Henry  W.,  Boston,  Massachusetts  (11). 

Williamson,  R.  S.,  San  Francisco,  California  (12). 

Wilson,  Charles  L.,  Chicago,  Illinois  (17). 

Winchell,  Alexander,  Ann  Arbor,  Michigan  (8). 

Winslow,  Ferdinand  S.,  Chicago,  Illinois  (17). 
♦Woodbury,  L.,  Portsmouth,  New  Hampshire  (1). 

Wood  worth,  John  M.,  Chigago,  Illinois,  (17). 

Worthen,  A.  H.,  Springfield,  Illinois  (5). 

Wright,  A.  W.,  Williamstown,  Massachusetts  (14). 

Wright,  Chauncey,  Cambridge,  Massachusetts  (9). 
♦Wright,  John,  Troy,  New  York  (1). 

Wurtele,  Louis  C,  Acton  Yale,  Canada  East  (11). 

Wurtz,  Henry,  New  York,  New  York  (10). 

Wyman,  Jefflries,  Cambridge,  Massachusetts  (I). 


Youmans,  B.  L.,  New  York,  New  York  (6). 
♦Young,  Ira,  Hanover,  New  Hampshire  (7). 


ThiB  list  contains  flye  hundred  and  twenty  names,  of  which  one  hundred  and 
nhietoen  are  of  deceased  members.  The  names  of  those  who  were  chosen  at  Sa- 
lem, and  who  have  already  Joined  the  Association,  haye  not  yet  been  incorporated 
into  the  general  catalogue  of  members,  but  are  printed  separately  on  the  following 
pages. 


MEMBERS 

WHO  JOINED  AT 

THE   SALEM  MEETING 


Adams,  Edwin  F.,  Charlestown,  Massachusetts. 

Adanis,  Samuel,  Jacksonville,  Illinois. 

Agassiz,  Alexander  E.  H.,  Cambridge,  Massachusetts. 

Allen,  J.,  Alfred  Centre,  New  York. 

Allen,  Joel  A.,  Cambridge,  Massachusetts. 

Austin,  E.  L.,  Plymouth,  Ohio. 

Austin,  E.  P.,  Cambridge,  Massachusetts. 

B. 

Bachelder,  J.  H.,  Salem,  Massachusetts. 
Bailey,  Loring  W.,  Frederickton,  New  Brunswick. 
Bailey,  W.  W.,  Providence,  Khode  Island. 
Barnard,  James  M.,  Boston,  Massachusetts. 
Bethune,  Charles  J.  S.,  Credit,  Canada. 
Bicknell,  Edwin,  Salem,  Massachusetts. 
Bliss,  Porter  C,  New  York,  New  York. 
Boynton,  John  F.,  Syracuse,  New  York. 
Briggs,  D.  H.,  Norton,  Massachusetts. 
Bryan,  Oliver  N.,  Baltimore,  Maryland. 
Burbank,  L.  S.,  Lowell,  Massachusetts. 


Chase,  Pliny  E.,  Philadelphia,  Pennsylvania. 
Chase,  B.  Stuart,  Haverhill,  Massachusetts. 
Clarke,  F.  W.,  Ithaca,  New  York. 
Cogswell,  William,  Salem,  Massachusetts. 
Cogswell,  George,  Bradford,  Massachusetts. 
Cook,  George  H.,  New  Brunswick,  New  Jersey. 
Cooke,  C,  Salem,  Massachusetts. 
Crampton,  K.  C,  Jacksonville,  Illinois. 
Crosby,  Thomas  R.,  Hanover,  New  Hampshire, 
(xxxvl) 
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Cnmmings,  John,  Woburn,  Massachusetts. 
Curtis,  Josiah,  Boston,  Massachusetts. 

D. 

Dall,  William  H.,  Washington,  District  of  Columbia. 
Be  Lasld,  John,  Falmouth,  Maine. 
Devereux,  J.  H.,  Cleveland,  Ohio. 

E. 

Edwards,  A.  M.,  New  York,  New  York. 
Ellenwood,  Charles  N-,  San  Francisco,  California. 
Emerton,  James  H.,  Salem,  Massachusetts. 
Endicott,  William  C,  Salem,  Massachusetts.     . 

F. 

Fellows,  R.  S.,  New  Haven,  Connecticut. 
Fenton,  William,  Troy,  New  York. 
Foucou,  Felix,  Madison,  Wisconsin. 
Frothingham,  Richard,  Charlestown,  Massachusetts. 

G. 

Goessman,  C.  A.,  Amherst,  Massachusetts. 
Goodell,  Abner  C,  Jr.,  Salem,  Massachusetts. 
Gregory,  J.  J.  H.,  Marblehead,  Massachusetts. 

H. 

Hagar,  D.  B.,  Salem,  Massachusetts. 
Hall,  L.  B.,  Hanover,  New  Hampshire. 
Hambly,  J.  B.,  Portsmouth,  Rhode  Island. 
Hamel,  Thomas  E.,  Quebec,  Canada. 
Hartt,  Charles  F.,  Ithaca,  New  York. 
Hoyt,  J.  W.,  Madison,  Wisconsin. 
Humphrey,  D.,  Lawrence,  Massachusetts. 
Hyatt,  Alpheus,  Salem,  Massachusetts. 

J. 

Jasper,  G.  A.,  Charlestown,  Massachusetts. 
Johnson,  Amos  H.,  Salem,  Massachusetts. 


Lambert,  Thomas  R.,  Charlestown,  Massachusetts. 
Langley,  S.  S.,  Pittsburg,  Pennsylvania.    • 
Lawrence,  Edward,  Charlestown,  Massachusetts. 
Lockwood,  Samuel,  Keyport,  New  Jersey. 
Loring,  George  B.,  Salem,  Massachusetts. 
Lyon,  Henry,  Charlestown,  Massachusetts. 
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M. 

Maack,  G.  A.,  Cambridge,  MassacliaBetts. 
Mack,  Dayld,  Belmont,  Massachusetts. 
McNeil,  J.  A.,  Grand  Rapids,  Michigan. 
Marden,  George  H.,  Charlestown,  Massachusetts. 
Maynard,  George  W.,  Troy,  New  York. 
Monroe,  William,  Boston,  Massachusetts. 
Morley,  Edward  W.,  Fittsfield,  Massachusetts. 
Morse,  Edward  S.,. Salem,  Massachusetts. 

Nichols,  William  B.,  Boston,  Massachusetts. 

o. 

Orton,  James,  Poughkeepsie,  New  York. 

P. 

Paine,  Nathaniel,  Worcester,  Massachusetts. 
Patton,  William  W.,  Chicago,  lUinois. 
Peckham,  S.  F.,  Providence,  Rhode  Island. 
Peirce,  B.  O.,  Beverly,  Massachusetts. 
Perkins,  Henry  C,  Newburyport,  Massachusetts. 
Phippen,  George  D.,  Salem,  Massachusetts. 
Pickering,  Edward  C,  Boston,  Massachusetts. 

R. 

Rice,  William  N.,  Middletown,  Connecticut. 
Rogers,  Robert  E.,  Philadelphia,  Pennsylvania. 
Qossetes,  G.  R.,  Marietta,  Ohio. 

s. 

Samson,  George  W.,  Washington,  District  of  Columbia. 

Scofleld,  Samuel  L.,  New  York,  New  York. 

Seely,  Charles  A.,  New  York,  New  York. 

Shepard,  L.  D.,  Boston,  Massachusetts. 

Sherwood,  Andrew,  Mansfield,  Pennsylvania. 

Smith,  Isaac  T.,  New  York,  New  York. 

Smith,  RoUin  A,,  Fond-du-Lac,  Wisconsin. 

Smith,  Sidney  I.,  New  Haven,  Connecticut. 

Squier,  E.  G.,  New  York,  New  York. 

Steams,  R.  E.  C,  San  Francisco,  California. 

Stephens,  W.  H..  Lowville,  New  York. 

Stevens,  R.  P.,  New  York,  New  York. 

Stimpson,  Frederick  E.,  Boston,  Massachusetts. 

Stimpson,  T.  M.,  Peabody,  Massachusetts. 

Stoughton,  T.  M.,  Gill,  Massachusetts. 
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T. 


Turner,  B.  S.,  Beading,  Pennsylvania. 
Twining,  A.  C,  New  Haven,  Connecticut. 

u. 

Utley,  Charles  H.,  BufBalo,  New  York. 

V. 

Vail,  Hugh  D.,  Philadelphia,  Pennsylvania. 
Valentine,  Benjamin  £.,  Brooklyn,  New  York. 

w. 

Walker,  ^Charles  A.,  Chelsea,  Massachusetts. 
Wanzer,  Ira,  LanesviUe,  Connecticut. 
Warner,  James  D.,  Brooklyn,  New  York. 
Warren,  G.  W.,  Charlestown,  Massachusetts. 
Webb,  Benjamin,  Jr.,  Salem,  Massachusetts. 
WeUs,  Daniel  H.,  New  Haven,  Connecticut. 
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BENJAMIN  APTHORP  GOULD, 

EX-FBBSIDBNT  OF  THE  ASSOCIATION. 


Mb.  P&bsidbmt  and  Gentlemen  of  the  Axebioan  Asso- 
ciation   FOB   THE    AdYANCEKENT    Of   SCIENCE. 

The  usage,  and  even  the  fundamental  law,  of  this  Associa- 
tion entail  upon  its  retiring  President  a  duty  which  he  may  not 
evade :  that  of  delivering  at  the  meeting  following  his  term  of 
official  service,  a  formal  address.  Although  the  fhlfilment  of 
this  duty  is  but  a  very  inadequate  return  for  the  honor  which 
your  partiality  has  conferred  upon  him,  still  it  is  not  without 
its  embarrassments,  not  the  least  oi  which  is  the  apprehensioii 
of  comparison  with  the  utterances  on  previous  occasions  by 
great  and  honored  philosophers  who  have  presided  over  your 
meetings.  Many  of  their  words  were  spoken  for  the  children's 
children  of  those  who  listened.  Reaching  the  very  souls  of 
those  who  heard  at^  the  moment,  they  became  there  endowed 
with  new  life  and  energy,  each  recipient  becoming  a  center  of 
emanation  for  what  in  them  was  true  and  important;  while 
they  survive  upon  the  printed  page  for  transmission  in  letter 
as  well  as  spirit  to  unborn  generations. 

Would  that  I  could  offer  such  precious  thoughts  or  incentives 
for  your  acceptance.  How  can  I  presume  to  speak  as  a  suc- 
cessor of  Bache,  Henry,  Agassiz  and  the  other  great  investiga- 
tors to  whom  in  turn  you  have  confided  the  guidance  of  the 
Association.  Yet  as  their  follower,  in  another  sense,  I  may 
address  you,  for  I  believe  that  the  few  ideas  which  I  propose 
laying  before  you  would  find  with  them  approval  and  indorse- 
ment. 
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With  your  permission  I  will  speak  of  the  position  of  the 
scientific  investigator  in  the  community ;  of  the  duties  incum- 
bent upon  him,  and  of  what  he  may  rightftilly  expect  in  return, 
under  the  present  relations  of  civilized  and  educated  conmiuni- 
ties;  of  the  peculiar  opportunities  and  restrictions  in  the 
United  States  today ;  of  the  obstacles  which  beset  the  path 
of  the  laborer  in  scientific  fields ;  and  of  the  results  which  he 
may  be  justified  in  anticipating  as  the  reward  of  patient,  un- 
faltering, conscientious  effort  in  his  high  vocation. 

We  are  accustomed  to  regard  ourselves  as  belonging  to  a 
new  country,  and  to  palliate  in  our  own  hearts,  even  if  not 
openly,  our  intellectual  short-comings  and  our  deficiencies  in 
learning  or  culture,  by  this  plea.  And  just  as  men  who  have 
attained  eminence,  notwithstanding  an  absence  of  early  oppor- 
tunities, are  often  accustomed  to  glory  in  this  want  of  advan- 
tages, as  though  it  had  been  a  merit  rather  than  a  misfortune, 
— judging  themselves  always  by  a  relative,  instead  of  an  abso- 
lute, standard, — so  we  American  lovers  of  science  are  too  much 
inclined  to  take  note  of  the  diflculties  against  which  we  have 
struggled  or  are  struggling,  rather  than  of  the  actual  level 
which  we  have  attained  by  the  effort  Of  course  there  is  much 
to  extenuate  in  this  proclivity ;  how  much,  you  all  know.  The 
want,  until  a  recent  date,  of  books  of  reference ;  the  want  of 
access  to  such  implements  of  research  as  are  beyond  the  reach 
of  most  private  men ;  the  want  of  time  and  energy  to  spare 
from  the  grand  ^< struggle  for  existence;''  and  above  all,  the 
want  of  competent  scientific  counselers  and  guides  for  the  be- 
ginner in  scientific  research;  all  these  are  weU  known  to 
those  of  you  who  have  attained  an  age  at  all  approaching  the 
meridian  of  life.  Before  the  omniscient  Judge,  they  will  surely 
be  credited  to  each  individual  in  the  great  account.  But  if  we 
consider  not  the  individuals  but  the  people,  and  hold  the  com- 
munity responsible  for  its  collective  failures,  while  we  give  it 
credit  for  its  collective  achievements,  in  the  intellectual  field, 
I  am  sometimes  apprehensive  that  we  are  given  to  pluming 
ourselves  too  much,  and  to  estimating  our  progress  rather  by 
the  number  of  obstacles  which  we  know  to  have  been  sur- 
mounted, than  by  the  mile-stones  which  have  been  left  behind. 
Communities  have  merits  and  failings,  as^ individuals  have; 
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they  are  but  the  integral  of  their  many  constituent  individoiils ; 
and  among  our  national  failings  can  scarcely  be  coonted  that 
of  judging  ourselves  too  harshly*  Our  aim  should  not  be  to 
overcome  difficulties,  except  so  far  as  this  is  a  necessary  means 
of  advance ;  it  is  progress,  toward  which  our  efforts  should 
be  directed,  and  if  the  obstacles  are  serious,  we  have,  as  a  peo- 
ple, no  right  to  credit  merely  for  having  surmounted  them, 
provided  we  possess,  and  do  not  employ,  the  power  to  remove 
thenu  Can  the  intellectual  standing  and  rank  of  a  nation  be 
fairly  measured  by  the  highest  achievements  of  its  ablest  and 
most  devoted  men,  if  so  be  that  these  men  or  their  deeds  are 
not  the  legitimate  fruit  of  the  tendencies  and  influences  at 
work,  but,  on  the  contrary,  are  exceptional  cases,  which  have 
maintained  their  existence  and  even  blossomed  out  by  virtue 
of  the  humanity  that  was  in  them,  notwithstanding  hindrances 
and  discouragements? 

Two  hundred  and  forty  years  have  passed  since  our  ances- 
tors sought  the  wooded  hills,  the  sheltered  valleys,  and  broad 
meadow  lands  which  skirt  the  coast  of  Massachusetts  Bay,  and 
amid  which  we  are  assembled  here.  Less  than  forty  miles  from 
this  spot,  landed  the  stem  pilgrims  of  Plymouth,  eight  years 
earlier.  Ten  or  twelve  years  earlier  still  had  been  founded  the 
English  settlement  at  Jamestown ;  but  it  has  been  the  estab- 
lished verdict  of  history  that  from  the  region  where  we  now 
are,  from  within  a  circle  not  thirty  miles  in  radius  around 
yonder  metropolis,  may  the  spread  of  arts,  letters  and  science 
be  traced  throughout  this  broad  land.  Within  six  years  from 
the  arrival  of  the  first  settlers  of  the  Massachusetts  Bay,  they 
voted  to  establish  a  college,  and  appropriated  therefore  a  sum 
^^  equal  to  a  year's  rate  of  the  whole  colony.''  In  the  ensuing 
year  they  changed  the  name  of  the  town  in  which  they  placed 
it  from  Newton  to  Cambridge,  ^<  a  grateM  tribute  to  the  trans^ 
Atlantio  literary  parent  of  many  of  the  first  emigrants,  and 
indicative  of  the  high  destiny  to  which  they  intended  the 
institution  they  were  establishing  should  aspire."  A  nngle 
year  later,  John  Harvard,  a  graduate  of  Emanuel  CoUege, 
Cambridge,  bequeathed  to  the  incipient  university  his  library 
and  one-half  his  fortune,  amounting  to  nearly  twice  what  the 
Colony  had  voted.    <*The  example  of  Harvard,"  says  Presi- 
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dent  Qoincy,  ''was  like  an  electric  spark,  falling  upon  mate- 
rials of  a  sympathetic  nature,  exciting  immediate  action  and 
consentaneous  energy.  The  magistrates  caught  the  spirit  and 
led  the  way  by  a  subscription  among  themselves  of  two  hun- 
dred pounds,  in  books  for  the  library.  The  comparatively 
wealthy  followed  with  gifts  of  twenty  and  thirty  pounds.  The 
needy  multitude  succeeded  like  the  widow  of  old, '  casting  their 
mites  into  the  treasury.' '' 

These  facts  I  recall  to  your  memories,  to  show  the  length  of 
time  during  which  our  national  culture  has  been  receiving 
shape  and  character.  For  two  centuries  and  a  third,  at  least, 
the  characteristic,  mental  and  intellectual  tendencies  of  this 
people  have  been  forming  themselves.  Our  fathers  brought 
with  them  such  culture  as  the  best  seminaries  of  their  native 
land  could  give ;  they  represented  the  best  intellect  of  the  sev- 
eral Classes  of  the  mother  country.  The  professional,  the 
titled,  the  mechanic  and  the  agricultural  classes  of  New-Eng- 
land were  severally  of  an  intellect  and  culture  much  above  the 
average  of  the  same  classes  in  old  England,  whence  they  came. 
The  standards  of  scholarship,  of  science  and  of  art,  which 
they  brought  across  the  seas,  were  the  same  which  they  left  be- 
hind. For  the  intellectual  progress  of  the  world  since  then, 
this  community  has  owed  its  proportionate  share,  to  be 
reckoned  in  the  joint  ratio  of  its  population  and  of  its  initial 
advantages. 

True,  our  people  has  had  the  forest,  the  desert  and  the  red 
man  to  vanquish;  it  has  had  the  socii^  problems  to  solve, 
first  of  a  protestant  hierarchy,  then  of  independence  of  all 
priestcraft,  kingcraft  and  feudalism,  and  finaUy  of  equality  be- 
fore the  law,  for  all  who  wear  the  form  of  man  and  are  created 
in  the  image  of  God.  True,  it  has  had  its  share  of  trials  from 
foes  without  and  traitors  within,  and  has  had  the  strong  bonds 
of  hereditary  political  and  intellectual  dependence  to  burst. 
True,  it  has  already  given  to  the  world  many  a  masterwork,  in 
the  arts  of  peace  and  the  arts  of  war ;  the  steamboat,  the  cotton- 
gin  and  the  sewing  machine ;  the  practical  application  of  the. 
electric  telegraph,  and  the  means  of  its  printed  record;  the 
most  perfect  forms  yet  attained  for  the  steam-engine  and  the 
steam-boiler;  the  most  powerful  ordnance  and  the  most  im- 
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pregnable  yessels ;  the  telescopes  of  Clark  and  Fitz,  the  niicro- 
scopes  of  Spencer  and  ToUes,  and  the  means  of  annihilating 
pain.  Trae,  it  has  planted  the  stany  flag  upon  the  Antarctic 
continent  and  by  the  Polar  sea,  and  has  given  to  history  many 
a  name  of  the  wise  and  good,  whose  blessed  memory  can  never 
be  hemmed  in  by  oceans.  Heaven  forbid  that  any  son  of 
America  should  shut  his  eyes  to  these  subjects  of  honest  pride, 
or  to  a  host  of  others  like  them,  which  I  have  no  need  to  re- 
count I  If  love  of  country  be  a  virtue,  assuredly  it  is  not  a 
diflflcult  one  for  us  to  exercise.  But  what  I  would  now  say  is, 
that,  whatever  may  be  the  claims  of  our  country  to  have  done 
her  part  in  the  furtherance  of  civilization  so  far  as  depends 
upon  the  solution  of  high  political  problems  and  upon  advance- 
ment in  the  arts,  her  contributions  to  science  have  not  kept 
pace  with  these ;  nor  indeed  with  those  of  several  European 
nations,  which  have  had  to  contend  against  obstacles  quite 
comparable  in  magnitude  with  our  own,  even  though  of  a  to- 
tally different  nature.  France,  torn  asunder  by  frenzied  con- 
vulsions and  internal  throes,  such  as  no  other  civilized  nation 
has  ever  been  called  on  to  endure, — Germany,  trampled  under 
foot  again  and  again  by  foreign  invaders,  civil  strife  and  do- 
mestic oppression, — Russia,  lately  emerged  from  Asiatic  bar- 
barism and  contending  at  once  against  the  Turk,  the  Tartar 
and  the  western  foe, — have  they  not  had  their  share  of  hind- 
rances to  scientific  progress,  great  even  if  inferior  to  those  of- 
fered by  the  forest  and  the  savage  ?  Yet  it  would  ill  beseem  us 
to  invite  a  comparison  with  them  in  any  department  of  science, 
physical  or  natural.  Equate  out  the  names  of  a  very  few  men 
on  each  side,  wherever  this  seem  possible,  and  what  an  oveiv 
whelming  preponderance  would  then  throw  the  Western  scale 
aloft. 

"Two  hundred  and  forty  years,"  I  hear  some  one  say, 
"  what  are  they  in  the  development  of  a  nation,  or  of  its  scien- 
tific character  ?  Twenty-five  centuries  have  passed  since  Thales 
predicted  an  eclipse  of  the  sun ;  nineteen,  since  Sosigenes  re- 
formed the  calendar  for  Julius  Caesar ;  fourteen  hundred  years 
have  roUed  over  the  University  of  Bologna.  What  to  you  occi- 
dentals seems  a  hoary  antiquity,  is  a  mere  yesterday  for  the 
dweller  by  the  Tiber,  the  Thames,  the  Seine,  the  Danube  or  the 
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Bhine/'  Be  it  so  I  Yet  Hans  Lippersheim's  first  suggestion 
of  a  telescope  was  eighteen  months  after  Newport  had  sailed 
np  the  James  river  with  his  infant  colony.  The  idea  of  a  loga^ 
rithm  was  then  not  bom :  Napier  and  Bri^s  were  names  un- 
known to  fame.  The  oaks  and  beeches  had  been  cleared  from 
these  hills,  and  onr  ancestors  had  built  their  rustic  homes,  at 
the  time  when  Galileo  was  tortured  into  abjuring  the  profane 
doctrine  that  the  earth  moved,  and  not  the  son.  When  Har- 
vard endowed  the  college  that  bears  his  name,  there  was  no 
such  thing  as  a  barometer  or  a  thermometer.  It  is  within  these 
very  two  hundred  and  forty  years  that  modem  science  has  come 
into  existence,  and  the  world's  intellect  been  turned  from  spec- 
ulation to  investigation.  It  is  within  this  period  that  our  im* 
plements  of  research  have  been  devised,  that  the  air-pump, 
the  electrical  machine  and  the  dock  have  been  invented,  that 
every  public  chemical  laboratory,  every  astronomical  or  physical 
observatory,  and  eveiy  academy  of  sciences  has  been  founded* 
Boston  had  been  settled  when  Eeppler  died«  The  grandchild- 
ren of  the  original  colonists  of  Plymouth  and  the  Massachu- 
setts Bay  were  bom,  when  the  law  of  universal  gravitation 
was  first  proclaimed  by  Newton. 

Therefore  it  is  that  we  must  confess  our  scientific  progress 
to  have  been  far  inferior  to  that  of  several  European  nations. 
And  I  fear  that  the  confession  might  tmldifrdly  be  made  much 
broader,  and  include  our  pn^^ress  in  all  purely  intellectual 
studies,  which  hold  forth  no  promise  of  immediate  utility  in 
promoting  physical  weU-being  or  material  convenience.  If  this 
is  trae,  my  friends,  it  is  time  that  it  should  be  so  no  longer. 
And  before  you,  the  declared  lovers  of  science, — in  this  Asso- 
ciation formed  to  promote  her  welfare  and  advancement, — ^here 
in  the  earliest  seat  of  that  colony,  whence  has  geographically 
radiated  what  of  culture  and  of  science  our  country  has  pos- 
sessed,— I  would  fain  say  some  few  words  which,  however 
crude  or  ill-arranged,  might  find  a  congenial  soil  within  your 
hearts — to  bear  fruit,  perhaps,  when  all  of  us  have  disappeared 
from  the  stage — and  which  might  aid,  in  however  small  a 
degree,  to  avert  the  day  when  the  highest  recognized  aims 
shall  be  toward  material  prosperity,  rather  than  toward  intelr 
lectual  development  and  progress. 
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There  must  be  in  eyeiy  commtinity  men  specially  endowed 
with  scientific  tastes  and  impulses.  In  most  cases  such  innate 
tendencies  accompany  especial  gifts  in  the  same  direction,  and 
although  in  the  infinitely  yaried  scheme  of  nature,  this  is  not 
always  the  case,  yet  the  exceptions  are  few,  and  the  incentives 
to  exertion,  which  such  tastes  supply,  do  much  toward  atoning 
for  the  lack  of  original  power.  Wherever  positions  of  honor 
or  emolument  are  available  for  the  man  of  science,  these  be- 
come objects  of  ambition  or  of  greed  to  another  class  of  men 
who  aspire  to  them  as  ends  to  be  attained  and  not  as  means  of 
scientific  progress.  It  is  to  such  that  Schiller  referred  when 
he  said  of  science, 

«( Binem  tot  ale  die  hohe,  dl«  hfanmltoohe  GOtttn ;  dem  andeni 
Bine  tttcbtige  Kah,  die  Om  mit  Bvtter  yersoigt."* 

Between  these  two  classes  it  is  impossible  to  draw  a  sharply 
defined  line.  They  shade  into  one  another  by  such  impercep- 
tible gradations,  that  many  a  man  might  be  unable,  in  his 
strictest  communings  with  himself,  to  decide  as  to  which  he 
himself  belonged.  Then  there  is  an  intermediate  class,  whom 
circumstance  guides  into  the  scientific  path  and  who  are  en- 
dowed with  a  versatility  which  enables  them  effectively  to  fol- 
low out  any  career  to  which  they  earnestly  devote  themselves. 

Now  the  social  problem  here  evidently  is,  so  to  order  the  in- 
fluences and  attune  the  public  sentiment  in  the  community  as 
to  allow  the  ablest  minds  to  labor  in  those  fields  for  which  they 
are  best  adapted,  and  to  guide  the  most  versatile,  so  far  as 
possible,  into  such  channels  that  their  energies  may  promote 
the  highest  welfare  of  society. 

The  magnitude  of  the  class  of  scientific  men  in  any  commu- 
nity is  clearly  dependent,  to  a  very  great  extent,  upon  the 
intellectual  condition  of  that  community.  Probably  no  civil- 
ized society,  totally  devoid  of  a  scientific  element,  ever  did  or 
ever  will  exist.  In  ancient  Rome  its  amount  appears  to  have 
been  a  minimum,  yet  in  ancient  Greece  it  was  far  othennse ; 
whence  we  may  infer  that  the  fine  arts  and  beUea4eUre8  are  in 
themselves  neither  conducive  nor  antagonistic  to  science,  in 
any  marked  degree.    At  all  times  and  places  there  have  been 

*  **  She  to  file  tii|^  the  heayenlf  Ooddeu  to  one ;  to  another 
But  a  oonvenient  cow,  that  giyea  him  hto  bottar  and  oheeae." 


8  ADDRESS    OF   EX-FBE8IDBirr    GOULD. 

some  in  whom  the  divine  fire  bomed ;  and  so  it  doubtless  eyer 
will  be.  Such  could  no  more  be  turned  from  their  high  instinct 
to  discover  causes  and  laws,  than  the  mountain  torrent  from  its 
course  toward  the  sea.  Yet  how  few  are  these,  although  they 
have  never  failed  to  pass  the  torch  from  age  to  age  I  Even  in 
the  days  of  Roman  dominion,  Africa  nursed  the  embers  of 
the  sacred  flame;  and  swarthy  Arabs  and  Moors,  with  here 
and  there  a  silent  monk,  guarded  it  through  the  dark  ages; 
ages  replete  with  classic  lore,  with  wondrous  art,  with  barbaric 
luxury,  yet  devoid  of  science,  except  in  the  secret  guardian- 
ship of  those  who  dared  not  betray  their  priceless  yet  myste- 
rious possession. 

To  such  men  the  civilization  of  today  permits  freedom  d 
inquuy  and  of  utterance,  at  least,  and  awards  a  certain  modi- 
cum of  public  recognition  and  respect,  limited,  it  is  true,  not  by 
the  good  will  of  the  community,  but  by  its  means  of  apprecia- 
ting the  character  and  scope  of  their  labors.  These  are  the 
men,  nevertheless,  to  whom  indirectly  the  world  owes  its  mate- 
rial progress,  although  the  intermediate  steps,  between  their 
researches  and  the  ingenious  inventions  by  which  their  results 
are  practically  utilized,  are  rarely  traced,  even  by  those  who 
reap  the  harvest.  Yet  it  is  not  for  the  sake  of  material  pro- 
gress that  they  have  toiled ;  this  is  simply  the  world's  recom- 
pense for  having  harbored  them.  Sic  vos  non  vcbis  meHificaiis^ 
aves.  These  are  the  men  who  toil  on  in  their  lofty  studies,  seek- 
ing the  truth  for  its  own  sake,  drawn  as  by  some  resistless 
magnetism,  and  working  even  better  than  they  know.  Poverty 
cannot  suppress  the  instinct ;  ridicule  cannot  prevent  its  exer- 
cise ;  persecution  cannot  deter  from  the  utterance  of  its  results. 

This  scanty  class  constitutes  the  minimum  number  of  the 
followers  of  science  for  any  community.  The  additional  num- 
ber is  greater  or  less  according  to  the  amount  of  personal 
sacrifice  requisite  for  following  the  inborn  impulse —  since  the 
intensity  of  this  impulse  varies  in  every  degree, — or  according 
to  the  temptations  offered  for  Joining  the  ranks  of  those  who 
adopt  science  as  a  business.  It  is  easy  to  see  that  there  is 
danger  to  the  intellectual  progress  of  the  community  at  each 
extreme.  Where  the  votary  of  science  must  sacrifice  all  to 
follow  her,  her  welfare  is  scarcely  more  imperiled  than  where 
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the  guardianship  of  her  interests^  and  the  means  of  extending 
her  domain,  are  confided  to  the  hands  of  those  who  would  make 
of  her  a  servant,  and  not  a  sovereign. 

By  an  imhappy,  though  perhaps  natural,  mischance,  the  Eng- 
lish language  has  had  no  name  for  the  scientific  investigator, 
nor  word  to  denote  his  calling.  There  is  no  nobler  word 
than  philosopher,  —  lover  of  knowledge;  yet,  in  the  score  of 
centuries  since  this  grand  old  word  has  been  in  use,  its  mean* 
ing,  if  not  perverted,  has  at  least  been  narrowed  and  distorted. 
The  French  expression,  savarUy  has  sometimes  been  pressed 
into  service  by  those  who  have  felt  the  want  of  some  appro- 
priate term ;  but,  without  undertaking  to  criticise  the  aptness 
of  this  word,  it  is  most  certain  that  the  time  has  come  when 
our  own  language  demands  some  name  for  the  class  of  men 
who  give  their  lives  to  scientific  study.  Therefore  it  was,  that 
twenty  years  ago  I  ventured  to  propose  one,  which  has  been 
slowly  finding  its  way  to  general  adoption ;  and  the  word  sden- 
tM,  though  scarcely  euphonious,  has  gradually  assumed  its 
place  in  our  vocabulary.  FhilologicaUy,  it  is  subject  to  criti- 
cism, as  being  from  a  Latin  root  with  a  Greek  termination ; 
but  it  may  share  this  censure  with  many  another  word  which 
has  become  an  integral  part  of  the  language,  and  for  a  needM 
and  helpM  idea  surely  a  poor  word  is  better  than  no  word  at 
all.  I  will,  therefore,  not  hesitate  to  employ  it,  and  will  briefly 
Qonsider  the  characteristics  of  the  scientist,  and  his  position  in 
the  community. 

It  would  be  inappropriate  here  to  undertake  any  philosophic 
discussion  of  the  position  which  the  scientist  should  occupy  in 
an  ideal  or  a  well-ordered  society,  or  of  the  duties  imposed  on 
him  by  his  assumption  of  the  priesthood,  as  an  interpreter  and 
expounder  of  the  Divine  word  written  upon  the  tablets  of  the 
material  universe.  Such  course  of  inquiry  would  imply,  as  its 
basis,  a  determination  of  the  reciprocal  duties  of  all  members 
of  society,  whatever  their  calling;  and  this  involves,  in  its 
turn,  the  deepest,  questions  of  political  economy  and  social 
philosophy.  We  must  take  certain  principles  for  granted,  and 
among  them,  this :  — that  civilized  society  is  an  organic  body, 
of  which  each  member  is,  in  spite  of  himself,  dependent  upon 
the  rest,  and  exerts  a  corresponding  influence  in  return/  The 
A.  A.  A.  s.  VOL.  xvm.         a 
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many-sided  culture  of  a  normal  community  is  the  resultant  of 
the  varied  capacities,  culture  and  efforts  of  numerous  indi- 
yiduals,  no  one  of  whom  could  attain  the  highest  grade  of 
useMness  in  several  diverse  departments.  It  depends  upon 
the  relative  number  and  variety  of  the  ablest  and  most  cul- 
tivated members,  coi^ointly  with  the  influence  they  exert. 
Human  science  and  art  have,  in  the  progress  of  our  race, 
advanced  far  beyond  the  comprehension  of  any  individual. 
An  equal  culture  in  many  directions  is  synonymous  with  su- 
perficiality in  all,  and  an  ^'admirable  Crichton"  is  today 
simply  a  ridiculous  object.  We  cannot  well  escape  the  conclu- 
sion that — so  far  as  is  compatible  with  that  general  education 
of  physical  and  mental  faculties  and  those  general  attain- 
ments which  the  welfare  of  others,  as  well  as  the  amenities  of 
society,  require,  and  which  are  needfbl  alike  for  the  mental  and 
moral  health  of  the  individual — the  energies  of  each  one  should 
be  consecrated  to  the  development  and  employment  of  partic- 
ular capacities.  No  thoughtM  man  can  arrive  at  years  of 
discretion  without  becoming  aware  of  the  character  and  diree- 
tion  of  his  mental  powers,  even  though  he  may  be  incompetent 
properly  to  estimate  their  relative  magnitude ;  and  there  can 
be  no  reasonable  doubt  that  taste  and  predilection  would 
afford  safe  guides  for  the  individual  in  entering  upon  his 
career,  were  the  organism  of  society  fairly  developed  without 
distortion  by  untoward  agencies. 

Therefore,  if  the  investigation  of  scientific  questions  and  the 
discovery  of  scientific  laws  is  needftil  or  desirable  for  our  race, 
it  becomes  the  duty  of  every  civilized  community  to  encourage 
and  protect  the  vocation  of  the  scientist,  and  it  is  the  duty  of 
those  who  feel  themselves  called  to  this  vocation  to  devote 
themselves  to  it  with  heart  and  hand.  Their  commission  is 
from  on  high.  "  Freely  ye  have  received,  freely  give.  Pro- 
vide neither  gold  nor  silver  nor  brass  in  your  purses,  nor  scrip 
for  your  journey,  neither  two  coats ;  for  the  workman  is  wor- 
thy of  his  meat."  If  the  Creator  designs  that  the  race  formed 
in  his  own  image  shall  discern  and  comprehend  the  laws 
through  which  he  has  exerted  his  creative  power ;  if  he  means 
that  his  wondrous  works  shall  be  read  by  man,  upon  whom  he 
has  bestowed  the  means  and  the  impulse  to  read  them ;  if  he 
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chooses  that  our  higher  capacities  shall  he  cultivated  in  this 
world  as  well  as  our  lower  ones ;  then  does  he  also  intend  that 
a  class  of  men  shall  exist  and  be  maintained,  laboring  in 
behalf  of  all,  and  devoting  their  highest  energies  to  intellect- 
ual conquests  for  the  race  through  the  study  of  his  works  and 
the  interpretation  of  his  laws.  Is  there  any  argument,  of  all 
those  with  which  the  world  has  been  familiar  for  more  than 
three  thousand  years  in  behalf  of  the  sacred  ministry  of  reli- 
gion, which  is  not  applicable  to  the  ministry  of  science?  If 
the  highest  act  of  the  human  spirit  be  to  attain  to  an  intimate 
relation  and  communion  with  the  Father  of  spirits,  who  shall 
dare  discredit  that  other  exalted  duty  of  searching  out  Gk)d 
through  his  works,  and  learning  him  as  he  has  seen  fit  to 
manifest  himself  to  us  directly.  Unreasonable  as  it  would  be 
to  maintain  that  the  word  of  God,  when  filtered  through  many 
a  human  tradition  and  recollection,  and  translated  from  lan- 
guage to  language  after  being  recorded  upon  the  manuscript, 
is  more  surely  and  emphatically  his  unperverted  word  than  is 
that  fresh  from  his  own  fingers,  '*  written  all  over  the  earth, 
written  all  over  the  sky ; "  how  much  more  so  would  it  be  to 
maintain,  that  the  former,  but  not  the  latter,  needs  a  body  of 
investigators.  Far  be  it  from  me  to  imply,  however  indirectly, 
that  the  reverse  is  true — that  the  culture  of  the  intellect 
should  take  precedence  of  that  of  the  religious  faculties — that 
the  most  elevated  regions  of  converse  with  the  Deity  as  known 
through  his  noblest  works,  or  his  profoundest  physical  laws, 
could  supersede  the  necessity  of  communing  through  the  affec- 
tions and  emotions,  or  the  need  of  relief  to  the  famishing  cry 
of  the  soul  for  bread  from  its  Father  in  Heaven.  It  might, 
perhaps,  be  urged  that  for  the  former  a  priesthood  is,  and  for 
the  latter  it  is  not,  indispensable;  that  for  the  former  the 
progress  of  interpretation  goes  on  continuously,  while  for  the 
latter  little  remains  to  be  done,  other  than  the  exposition  and 
enforcement  of  what  has  already  been  attained;  that  the 
former  must  lead,  while  the  latter  is  not  unlikely  to  follow,  the 
development  of  society.  But  there  is  no  ground  for  compari* 
son  disadvantageous  to  either  class.  My  argument  is  that 
they  should  stand  alike.  Both  classes  are  needed  to  satisfy  a 
doep  and  insatiable  demand ;  both  are  imbued  with  the  instinct 
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to  provide  a  supply.  Nor  are  the  abnegations  and  eelf-sacri- 
fices  by  which  the  one  has  earned  the  martyr's  crown  in  past 
days  and  lasting  reverence  in  the  present,  without  parallel 
and  counterpart  in  the  other. 

With  what  a  spirit  of  grateM  recognition  of  the  Almighty's 
revelation  to  the  scientist  in  these  latter  days,  may  we  read  the 
answer  to  Job  out  of  the  whirlwind ! 

<<  Gird  np  thy  loins  now  like  a  man,  for  I  will  demand  of  thee,  and 
answer  thou  me.  Where  wast  thou  when  I  laid  the  fonndations  of 
the  earth?  l>eclare,  If  thou  hast  understanding.  Who  hath  laid  the 
measures  thereof,  if  thou  knowest;  or  who  hath  stretched  the  line 
upon  it?  Whereupon  are  the  foundations  thereof  fostened,  or  who 
laid  the  comer-stone  thereof,  when  the  morning  stars  sang  together, 

and  all  the  sons  of  God  shouted  for  joy? Hast  thou  entered  into 

the  springs  of  the  sea,  or  hast  thou  walked  in  search  of  the  depths? 
Hast  thou  perceived  the  breadth  of  the  earth?  declare,  if  thou  know- 
est it  all.  Where  Is  the  way  where  light  dwelleth,  and  as  for  dark- 
ness, where  is  the  place  thereof  ? Hast  thou  entered  into  the 

treasures  of  the  snow,  or  hast  thou  seen  the  treasures  of  the  hailP 
Enowest  thou  the  ordinances  of  heaven?  Canst  thou  set  the  domin- 
ion thereof  in  the  earth  ?  Canst  thou  lift  up  thy  voice  unto  the  clouds 
that  abundance  of  waters  may  cover  thee  ?  Canst  thoa  send  the  light- 
nings, that  they  may  go,  and  say  unto  thee.  Here  we  are?  " 

Job  answered  and  said :  — 

*<  Behold,  I  am  vile,  what  shall  I  answer  thee  ?  I  will  lay  mine  hand 
upon  my  month.  Once  have  I  spoken,  but  I  will  not  answer;  yea» 
twice,  but  I  will  proceed  no  further." 

But  we  might  reply :  —  <  Lord,  thou  hast  revealed  unto  as 
all  these  things.  Us  also  hast  thou  taken  into  the  counsels  <^ 
thy  CTeation,  for  thou  hast  not  deemed  thy  children  unworthy 
of  thy  knowledge.  The  foundations  and  breadth  of  the  earth 
and  the  CMrdinances  of  the  heavens,  the  depths  of  the  sea 
and  the  way  of  the  light,  the  treasures  of  the  snow  and  the 
sources  of  the  hail,  the  sending  of  lightnings  to  say  ^  Here  we 
are,'  and  the  lifting  of  our  summons  to  the  clouds  that  we  may 
have  rain ;  — *  behold  thou  hast  disclosed  them  all  unto  us,  tbj 
children!' 

The  claim  of  the  scientific  profession  to  recognition  and  sap- 
port  has  long  been  acknowledged  by  most  European  nations. 
Tfaroughout  the  European  continent  <MrganizationB  have  been 
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established,  and  are  maintained  by  the  government  at  yeiy 
considerable  expense,  for  the  one  purpose  of  promoting  scien- 
tific research;  and  the  individuals  composing  these  organiza- 
tions are  provided  with  the  means  of  support  while  laboring 
to  this  end.  In  our  own  utilitarian  country  few  claims  are 
recognized  excepting  such  as  afford  a  direct  personal  benefit, 
which  the  individual  recipients  can  estimate  by  some  pecuniary 
standard.  Thus  the  successM  investigator  in  any  special  de- 
partment of  medical  science  may  reap  a  rich  reward, — so  rich 
indeed  as  to  hold  out  strong  temptations  for  the  surrender  of 
so  large  a  share  of  his  time  and  enei^ies  to  the  practice  of 
his  art,  as  to  leave  small  opportunity  for  the  farther  prose- 
cution of  his  science.  Indeed,  when  we  examine  the  matter 
carefhUy,  we  shall  find  that  it  is  only  art  (».  e.  the  application 
of  principles  and  laws),  for  which  any  practical  recognition  can 
be  expected  in  America  at  present ;  while  science  (i.  e.  the 
discovery  and  investigation  of  these  laws),  even  where  nomi- 
nally fostered,  receives  support  only  through  some  of  its  indi- 
rect branches,  which  more  properly  belong  within  the  domain 
of  art.  In  this  way  medical  science  in  this  country  is  sup- 
ported only  through  individual  need  of  the  healing  art ;  physi- 
cal research,  only  through  its  most  direct  application  to 
technology ;  mathematical  investigation,  only  in  so  far  as  it 
stands  in  palpable  relation  to  engineering,  surveying,  or  some 
other  practical  use;  chemistry,  as  being  an  important  hand- 
maid to  manufacture  and  to  metallurgy;  astronomy,  almost 
solely  as  an  assistance  to  navigation.  To  one  considering 
these  unquestionable  facts,  the  parallel  case  at  Niagara  pre- 
sents itself  unbidden :  — 

**  The  taiJor  made  a  single  note : 
<GodBl  what  a  place  to  sponge  a  coat  I"* 

In  recounting  these  facts,  it  is  without  apprehension  that  they 
will  be  scouted,  by  any  educated  and  thoughtftil  man  not 
versed  in  scientific  matters,  as  though  they  presented  the  one- 
aided  view  entertained  by  a  narrow  class  of  persons,  who,  from 
habitual  occupation  with  abstract  or  general  inquiries,  have 
become  blinded  to  the  great  material  interests  of  society.  No 
doubt  the  advance  of  civilization  is  measurable  by  the  progress 
of  the  arts ;  and  especially  is  oar  nation  changed,  as  no  nation 
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ever  was  before,  with  the  daty  of  subjugating  natnre,  and  dif- 
fhsing  the  arts  of  civilized  life  over  a  continent.  No  doubt 
the  first  instinct  of  humanity  is  to  provide  for  its  material  well 
being ;  and  the  craving  for  comfort  and  luxury  is  a  stimulus  at 
whose  bidding  the  whole  world  is  to  be  made  one  family,  through 
the  beneficent  agencies  of  commerce.  But  I  do  claim,  first, 
that  we  have  reached  a  stage  at  which  it  behooves  us  to  ac- 
knowledge a  higher  aim,  as  much  beyond  the  commercial  and 
technological  as  the  iuteUect  is  beyond  the  body :  that  the  aim 
is  dictated  to  us  by  the  Creator  through  intellectual  incentives 
and  opportunities,  and  that  its  pursuit  is  unfailingly  rewarded 
by  material  recompenses..  And,  secondly,  even  if  we  disregard 
these  considerations  altogether,  and  take  into  account  merely 
that  material  progress  to  which  America  is  devoting  all  her 
energies,  that  it  is  a  narrow  and  baneful  policy  which  forgets 
that  immediate,  direct  and  palpable  influences  are  not  the  only 
ones.    Rarely  are  they  even  the  chief  ones. 

It  would  be  throwing  words  away  were  I  to  undertake  to 
prove,  what  you  all  know  already,  that  scarcely  one  of  all  the 
great  advances  in  the  material  welfare  of  humanity  would  have 
been  made  but  for  the  scientist  in  his  closet,  whose  experi- 
ments, researches  and  generalizations,  incited  by  the  love  of 
nature  and  the  aspiration  to  fathom  her  laws,  have  afforded 
the  knowledge  which  the  inventor's  fertility  of  device  has  made 
subservient  to  human  welfare.  There  is  no  need  of  balancing 
the  respective  merits  of  the  discoverer  and  the  inventor.  All 
will  agree  that  but  for  the  former  the  latter  would  be  of  little 
use.  To  be  sure  it  would  be  false  reasoning  to  maintain  that, 
because  valuable  inventions  are  usually  due  to  scientific  dis- 
coveries, they  must  be  deemed  a  necessary  consequence  there- 
of. Yet  experience  points  to  some  such  conviction;  and  it 
would  be  difllcult  to  point  out  an  important  scientific  discovery, 
no  matter  how  abstruse  if  twenty  years  old,  which  has  not 
already  conferred  some  material  benefit  upon  humanity,  and 
which  was  not  itself  dependent  upon  each  one  of  several  inde- 
pendent and  seemingly  isolated  previous  researches. 

It  is  not  then  alike  the  wisest  policy  and  the  evident  duty  of 
a  people  ahready  much  advanced  in  material  well-being,  and 
ambitious  of  progress,  that  it  should  recognize  the  debt  it  owes 
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to  science,  by  courting  snch  opportunities  for  the  fbtore  as  sci- 
ence may  aflbrd?  Is  it  not  among  its  most  palpable  duties  to 
develop  and  encourage  scientific  tastes  and  investigations, 
appreciating  the  material  sacrifices  which  these  entail,  even 
under  the  most  favorable  circumstances?  Is  it  not  discredit- 
able to  the  civilization  of  a  great  people,  when  scientific  ability 
is  habitually  stifled  or  lost,  by  want  of  opportunity  for  its  de- 
velopment? Yet  a  tale  might  be  told,  year  after  year,  of  earn- 
est and  gifted  young  men  compelled  by  want  of  bread  to 
abandon  the  scientific  path  apon  which  they  had  entered  with 
fervor.  And  if  told,  I  believe  it  would  astonish  those  whom 
circumstances  have  not  inured  to  the  facts,  as  it  would  mor- 
tify and  sadden  the  patriot  and  the  philanthropist.  It  is  to  be 
expected  that  the  pursuit  of  wealth,  or  place  or  power,  should 
have  its  own  reward ;  the  sincere  follower  of  science  neither 
seeks  nor  expects  any  of  these  things.  But,  unless  the  idea 
that  a  community  can  have  duties  and  responsibilities,  as  well 
as  an  individual,  be  preposterous,  the  competent  and  willing 
votary  of  science  is  entitled  to  the  means  of  investigating 
while  he  lives,  and  of  living  while  he  investigates.  In  all  this 
broad  land  I  know  of  not  half  a  dozen  positions,  the  duties  of 
which  may  be  discharged  and  a  subsistence  earned  by  prose- 
cuting scientific  research.  What  is  done  is  in  the  intervals  of 
leisure  from  other  labors,  which  exhaust  the  energies,  but  upon 
which  the  investigators  are  dependent  for  support.  The  col- 
legiate professor,  whose  nervous  vigor  is  expended  in  the  task 
of  instilling  trite  rudiments  into  the  minds  of  enforced  pupils, 
forms  no  exception  to  this  statement.  And  where  are  the  op- 
portunities for  those  higher  teachers  who  would  fain  use  the 
blessed  privilege  of  training  others  for  the  scientific  vocation, 
and  be  rewarded  by  the  consciousness  that  their  conceptions, 
methods,  plans  and  perhaps  conjectures,  are  not  to  die  with 
them. 

It  would  be  far  from  reasonable  to  expect  that  the  labors  of 
any  considerable  proportion  of  investigators  should  be  sev- 
erally crowned  by  large  generalizations,  or  by  such  discoveries 
as  are  subjects  of  popular  appreciation.  These  are  compara- 
tively rare,  and  have  always  required  the  antecedent  researches 
of  a  series  of  investigators  to  whom  history  is  wont  to  award 
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inadeqaate  acknowledgements.  Stones  must  be  quarried  and 
hewn  before  the  edifice  can  be  reared ;  facta  must  be  gathered 
before  their  laws  can  be  discovered ;  the  several  laws  must  be 
recognized  before  their  generalization  can  be  effected.  The 
function  of  the  scientist  is  to  attain  new  truths  by  conquering 
them  from  the  limitless  realm  of  the  unknown,  and  whether 
they  be  brilliant  or  otherwise,  none  is  too  small  or  insignifi- 
cant in  aspect  to  deserve  his  earnest  search  or  joyM  welcome. 
Among  the  marked-  characteristics  of  modem  science  are  its 
recognition  of  the  value  of  every  observation  and  experiment, — 
since  there  is  no  one  which  may  not  afford  a  basis  or  a  clew 
for  subsequent  advance, — and  its  appreciation  of  the  services 
rendered  by  those  who  lay  the  stepping-stones  requisite  for  con- 
tinued ascent.  And  in  proportion  to  the  scientific  develop- 
ment of  a  community  is  its  relative  estimate  of  the  men  who 
do  not  disdain  those  minor  researches  which  are  yearly  becom- 
ing more  i^idispensable,  yet  are  unrewarded  by  popular 
applause.  The  science  of  the  nineteenth  century  is  to  be 
sought  not  in  ponderous  tomes,  but  in  abundant  memoirs. 
Scientific  progress  in  these  days  is  like  that  of  a  besieging 
army.  Little  by  little  miners  work  beneath  the  surface ;  slowly 
the  intrenchments  grow  to  right  and  left,  approaching  always, 
however  indirectly ;  gradually  the  long  circumvallations  close 
around  the  citadel.  Here,  ground  is  gained  for  a  new  base  of 
operations ;  there,  is  opportunity  for  striking  in  a  new  direc- 
tion. Through  avenues  thus  laboriously  prepared  the  embattled 
host  advances.  At  last  a  point  is  secured  whence  the  artillery 
may  begin  its  work.  Under  cover  of  this,  new  approaches  are 
effected,  until  at  last,  in  the  fhllness  of  time,  the  final  charge  is 
made.  One  brilliant  dash,  and  the  stronghold  falls.  But 
should  the  engineers'  devices,  the  miners'  toil,  the  soldiers' 
labor  at  the  earthworks  and  the  artillerists'  service  at  the  guns, 
all  be  held  cheap,  because  of  our  admiration  of  the  gallantry 
and  chivalry  that  led  the  decisive  onset?  So  thoroughly  has 
the  scientific  world  been  impressed  in  recent  years  with  the  im- 
portance of  judging  researches  not  by  their  brilliancy,  but  by 
their  promise  of  ultimate  useflilness,  that  the  straining  after 
showy  results  is  deemed  unworthy  and  derogatory,  while  a  new 
and  well  established  fact  is  welcomed  with  a  more  earnest 
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cordiality  than  the  most  fascinatixig  hypothesis,  or  the  most 
plausible  conjecture,  prior  to  its  veriflcation. 

All  science  is,  and  must  be,  to  a  certain  extent,  experimen* 
tal.  Even  in  those  branches  which  team  their  very  nature 
preclude  arbitrary  experiment,  comparisons  of  phenomenon 
with  prediction,  of  observation  with  computation,  supply  its 
place.  Methods  of  discovery,  in  astronomy  and  in  chemistry 
or  terrestrial  physics,  differ  but  little.  Eeppler's  mind  was 
scarcely  of  a  different  order,  or  his  processes  of  a  different 
class,  fh)m  Faraday's.  And,  essential  as  the  inductive  method 
may  be  for  a  control  and  criterion  of  the  results  attained,  few 
discoveries  were  ever  made  by  pure  induction.  Given  the  re- 
sult in  advance,  experiments  may  be  contrived  for  guiding  to 
it ;  let  us  once  know  that  the  truth  lies  in  one,  and  one  only, 
of  two  divergent  directions,  and  we  may  think  out  crucial  in- 
stances. But  such  are  not  usually  the  circumstances  under 
which  discoveries  are  made;  and  learning  and  skill  are  in 
general  no  more  necessary  for  disposing  of  hypotheses,  than  is 
ingenuity  of  invention  for  framing  them. 

The  facts  and  relations  to  which  I  have  called  your  atten- 
tion indicate  the  frmctions  of  the  scientist  in  the  present  con- 
dition of  our  civilization.  The  duty  of  investigating  the 
principles  and  laws  of  the  material  universe  once  conceded, 
this  office  devolves,  in  the  grand  division  of  labor,  upon  a 
special  class.  And  that  stage  of  progress  is  already  attained, 
in  which  subdivision  in  a  high  d^ree,  among  this  class,  is 
imperative.  Large  acquaintance  with  kindred  branches  <^ 
science,  and  special  concentration  of  effort  upon  a  narrow 
field,  are  alike  requisite  for  the  investigator.  Moreover  he 
must  be  content  with  small  and  modest  additions  to  human 
knowledge ;  humbly  and  hopeflilly  gathering  what  he  may,  and 
bringing  faithfhlly  his  sand-grains  to  the  heap,  if  he  find  no 
stone  for  the  temple.  He  may  no  longer  look  for  brilliant  dis- 
coveries as  the  sure  reward  of  earnest  research,  though  he 
should  possess  the  genius  of  Pythagoras,  Archimedes,  or  Co- 
pernicus ;  nor  have  others  the  right  to  expect  it  of  him.  And 
if  perchance  any  such  discovery  or  generalization  fall  to  his 
share,  simple  justice  demands  that  he  concede  to  others  much 
of  the  merit.    The  activity  and  energy  of  scientific  inquiry  at 
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the  present  moment  are  intense  beyond  all  precedent  in  his- 
tory. The  accretions  and  developments  of  a  couple  of  years 
change  the  aspect  and  relations  of  each  successive  discovery 
almost  past  recognition.  An  important  fact,  noted  but  unpub- 
lished by  one  man,  speedily  manifests  itself  to  others ;  so  that 
suppressed  discoveries  are  in  fact  abandoned  ones,  and  the 
most  important  are  very  frequently  made  in  duplicate.  This 
is  simply  because  the  limit'  of  our  human  knowledge  spreads 
like  a  great  circular  wave,  emanating  from  a  center.  The  ad- 
vancing lines  have  access  only  to  what  lies  upon  the  margin 
before  them,  and  the  throng  who  press  forward  tread  in  con- 
tiguous paths,  the  divergence  of  whose  radiation  is  overbal- 
anced by  the  continually  increasing  number  in  the  ranks. 
And  it  is  characteristic  of  the  present  timo  that  it  is  a  period 
requiring  co-operation  and  associated  eflfort  in  scientific  re- 
search, not  merely  for  the  sake  of  needfbl  distribution  of 
labor,  but  because  combinations  of  resources  and  acquirements 
are  requisite,  to  which  no  individual  can  attain. 

It  would  be  a  grateAil  office  to  congratulate  you  upon  the 
part  our  own  people  is  taking  in  this  great  campaign  for  intel- 
lectual conquest.  Thank  God  we  may  claim  some  part  in  it, 
and  names  too,  among  the  living  as  well  as  the  dead,  which 
will  surely  gain  lusti-e  in  scientific  annals  with  the  lapse  of 
time.  Yet  how  small  is  our  relative  share!  Why  have  we 
not,  in  our  forty  millions  of  men,  as  many  active  investigators, 
as  many  scientific  institutions,  as  much  national  support,  as 
much  popular  sympathy,  as  may  be  found  in  Germany,  France, 
or  England?  Why  are  the  eflbrta  of  the  scientist  appreciated 
and  encouraged  solely  in  proportion  to  the  estimate  of  them 
by  popular  and  altogether  incompetent  tribunals  ?  That  it  is 
so,  needs  no  demonstration.  Popular  sympathy  or  encourage- 
ment rarely  rewards  the  scientific  investigator  while  living; 
and  when  it  does,  it  is  seldom  because  of  his  highest  achieve- 
ments. And  those  rewards,  which  the  community  honestly 
desires  to  bestow  upon  this  class  of  intellectual  labor,  are  but 
too  apt  to  fall  to  the  mere  bookwright,  if  not  to  the  charlatan. 
Meanwhile  great  public  interests  suffer  for  want  of  such  guid- 
ance as  very  many  easily  might,  and  gladly  would,  give  who 
live  and  die  unrecognized  by  those  who  would  desire  to  make 
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their  services  available,  and  whose  recognition  would  augment 
their  usefulness  a  hundred  fold. 

Do  you  ask  the  remedy  for  this  disease  ?  I  know  none,  ex- 
cept such  change  in  public  sentiment  as  may  lead  to  deference, 
in  scientific  matters,  to  the  judgement  of  experts,  together  with 
the  maintenance  and  encouragement  of  institutions  which  may 
serve  to  develop  experts  and  indicate  who  they  are. 

It  cannot  be  denied  that  there  is  a  large  class  with  whom 
strong  antipathies  exist  against  scientific  pursuits,  and  against 
those  who  are  habitually  engaged  in  them.  For  these  preju- 
dices there  are  various  reasons,  some  by  no  means  unnatural. 
That  continual  demand  for  evidence,  which  scientific  studies 
evoke,  is  peculiarly  distasteful  to  the  vague  and  purely  specula- 
tive mind,  and  affords  a  never-failing  subject  for  ridicule.  The 
very  warfare  in  which  the  reverent  votary  of  science  some- 
times finds  himself  involved  in  defence  of  her  interests — so 
paramount  in  his  estimation  to  his  own — is  made  a  ground  for 
imputations  of  irritability  and  Jealousy.  The  mere  utilitarian 
objects  to  the  abstractions  of  the  higher  sciences,  as  unfitting 
men  for  the  daily  duties  of  Ufe;  ignorant  himself  of  any 
utility  or  duty  which  does  not  lie  upon  the  surface.  And  then 
there,  is  a  counter-prejudice  even  among  some  educated  and 
thoughtfhl  men,  which  regards  all  studies  pertaining  to  the 
physical  universe,  as  of  a  low  order  and  ^' materialistic"  ten- 
dency, and  which  actually  despises  all  inquiries,  the  correctness 
of  whose  results  may  be  tested. 

How  far  Just  foundation  may  exist  for  any  of  these  adverse 
Judgements,  I  will  not  undertake  to  say.  There  can  be  no 
doubt  that  exclusive  attention  to  any  one  class  of  pursuits, 
will  give  onesidednesB  to  the  character,  as  well  as  to  the  cul- 
ture ;  yet  I  am  not  sure  that  scientists  are  more  Justly  subject 
to  this  criticism  than  any  other  class  of  men.  Indeed  it  might 
be  claimed  for  them,  with  a  fair  show  of  reason,  that  as  a  class, 
they  are  more  familiar  with  literature,  philosophy,  and  the  arts, 
than  the  followers  of  these  vocations  are  with  science.  Cer- 
tainly they  are  better  acquainted  with  the  practical  affairs  of 
technology,  than  the  so-called  '^ practical  man"  is  with  scien- 
tific matters.  And  if  the  tenor  of  their  studies  lead  them  to 
distinguish  sharply  between  what  is,  and  what  is  not,  susoepti- 
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ble  of  proof,  and  thus  to  lose  some  of  the  genial  influences  of 
imagination  through  their  quest  of  the  ennobling  influences 
of  truth,  they  may  perhaps  be  thereby  rendered  less  agreeable 
companions,  yet  they  are  none  the  worse  citizens. 

But  all  the  opposition  to  scientific  studies,  springing  finom 
such  considerations  as  I  have  named,  is  small  compared  with 
that  from  theological*  sources.  From  the  very  dawning  of 
modem  science,  the  various  systems  of  theology  have  waged 
against  it  an  unceasing  war.  The  demonstrable  character  of 
its  results  have  rendered  it  especially  obnoxious  to  those  who 
feared  some  encroachments  upon  their  prescribed  tenets,  or 
who  dreaded  lest  the  overthrow  of  some  favorite  theory  might 
be  fatal  to  all  reliance  upon  their  creed.  Some  have  assumed 
an  antagonism  between  the  orally  and  the  visibly  revealed  word 
of  God,  and  in  their  solicitude  for  the  former  have  attempted 
to  discredit  the  latter,  and  summoned  to  their  aid  the  whole 
battery  of  the  casuist.  But  they  have  forgotten  that  excess  of 
zeal  is  abortive,  whether  it  be  in  behalf  of  science  or  of  reli- 
gion, and  is  sure  to  create  a  reaction  ii^urious  to  that  cause  in 
behalf  of  which  it  is  exhibited. 

I  remember  thirty  years  ago  hearing  a  venerable  and  good 
man,  who  stood  in  the  front  rank  of  our  scientific  teachers, 
preface  his  lectures  on  geology  with  a  deprecation  of  its 
"infidel"  tendency  when  not  properly  interpreted.  And  the 
days  are  by  no  means  past,  when  the  eflbrts  to  reconcile  appar- 
ently confiicting  statements,  in  the  book  of  Genesis  and  the 
book  of  Nature,  are  far  more  strenuous  than  any  eflbrts  at 
verifying  the  credentials  of  either  statement.  The  inquisition 
of  two  decades  ago  took  a  diflSBrent  shape  from  that  of  two 
centuries  earlier,  but  it  was  scarcely  less  tyrannous  or  unre* 
lenting.  That  agony  of  nerve  and  muscle,  which  wrung  from 
Galileo  Galilei  his  transient  recantation,  was  scarcely  more 
severe  than  the  mental  and  moral  pangs,  which  more  than  one 
man  of  science  has  been  called  upon  to  bear  in  our  own  day, 
because  he  has  become  convinced  that  our  earth  existed  thou- 
sands of  centuries  ago ;  that  all  mankind  are  not  descended 
from  a  single  pair ;  that  the  evidence  is  decisive  that  human 
beings  lived  during  the  pleiocene  period ;  or  that  the  sun  ante- 
dated the  earth,  and  its  alternations  of  day  and  night. 
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All  this  is  changed  in  our  seminaries  of  learning  today,  I 
admit.  In  the  meridian  blaze  of  scientific  knowledge,  and 
the  diffbsion  of  its  life-giying  energy,  such  darkness  could  not 
continue.  Yet  how  short  the  interval  since  its  dispersion  I 
Bevulsions  of  popular  feeling  are  like  the  oscillations  of  a 
mighty  pendulum.  Reaction  has  now  in  turn  overshot  its  mark, 
and  today  it  is  theology  which  stands  on  the  defensive.  Even 
that  attempted  compromise,  which  would  leave  to  scientists  all 
things  scientific,  and  to  theologians  all  things  theological, 
although  in  its  nature  unstable,  has  failed  to  find  that  tempo- 
rary acceptance  which  might  have  been  anticipated  for  it. 

Thus  the  conflict,  between  accepted  creeds  and  facts  claiming 
to  be  demonstrable,  is  one  which  may  no  longer  be  delayed. 
Ko  temporizing  will  avert  it  more,  and  one  or  the  other  must 
yield.  Truth,  though  many-sided,  cannot  be  discordant,  and 
the  honest  man  desires  to  know  and  to  accept  it.  No  evidence 
for  any  theory  can  be  satisfactory,  so  long  as  evidence  on  the 
other  side  cannot  be  disposed  of.  The  student  of  nature 
deals,  it  is  true,  only  with  material  facts ;  yet  his  results,  such 
as  they  are,  are  demonstrable,  and  may  not  be  discarded  to  suit 
the  preference  of  any  sectarian.  On  the  other  hand,  theologi- 
cal and  philosophical  inquiry  deals  only  with  moral  evidence 
and  with  mind ;  yielding  results  which  rarely  admit  of  actual 
demonstration.  With  a  strange  avidity,  the  name  ^science' 
is  constantly  claimed  for  researches  in  these  fields,  as  though 
no  other  word  were  equally  honorable ;  still  it  is  relatively  only 
a  very  small  portion  of  them  to  which  the  term  may  be  right- 
ftilly  applied,  since  it  implies  the  investigation,  not  of  facts 
alone,  nor  doctrines,  but  of  laws.  And  although  unquestion- 
ably there  have  been,  and  may  be,  elicited  in  this  field  certain 
laws,  yet  their  paucity  is  recc^nizable  by  the  criterion  that 
wliat  is  once  established  must  be  accepted  by  competent  minds, 
and  adopted  as  a  basis  for  farther  research.  To  deny  the  laws 
of  gravitation,  of  the  tides,  of  storms,  of  magnetism,  ia  merely 
to  manifest  ignorance.  Yet  the  multitude  of  diverse  systems 
of  philosophy  and  of  religious  creeds  has  been  increasing,  not 
diminishing,  for  the  last  two  tiiousand  years. 

Still  it  may  not  be  denied  that  we  have  two  independent 
means  of  attaining  knowledge  of  the  higher  truths.    These 
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imply  totally  different  methods,  and  should  reciprocally  con- 
firm each  other,  if  their  results  be  correct.  Let  the  existence 
of  a  real  conflict  in  their  results  be  once  established,  and  their 
is  no  escape  from  the  inference  that  at  least  one  of  them  is 
erroneous.  Now  although  mistakes  in  scientific  deductions  are 
frequent  enough,  no  sane  man  will  contend  that  those  results 
are  erroneous,  which  may  be  proved  to  the  acceptance  of 
all  competent  investigators  who  examine  the  question.  And 
those,  who  war  upon  all  scientific  investigation  of  theological 
questions,  mast  either  object  to  competent  evidence,  or  must 
plant  themselves  upon  the  dangerous  ground  that  all  physical 
evidence  is  inadmissible. 

In  what  I  am  saying  I  am  sure  no  one  will  suspect  me  of  the 
slightest  intentional  disrespect  to  the  religious  convictions  of 
any  earnest  believer,  however  conservative  or  however  liberal. 
Yet  we  are  continually  brought  to  the  old,  old  dilemma,  where 
science  seems  to  demand  one  inference,  and  faith  another. 
To  accept  either,  if  hopelessly  contradicted,  is  repugnant  to 
the  philosophic  mind;  how  to  reconcile  them,  has  been  the 
problem  of  the  ages.  The  apparent  antithesis  may  be  vari- 
ously stated.  One  man  presents  it  as  between  Nature  and 
Revelation ;  the  latter  ^  certainly  divine,  the  former  in  its 
essence  illusory.  Another  puts  it  as  between  Science  and 
Religion  ;  the  former  ignoring  the  moral,  and  the  latter  the  per- 
ceptive faculties.  A  third  gives  it  as  between  the  evidence  of 
the  Senses  and  the  intuitions  of  the  Soul.  Bigots,  casuists, 
fanatics,  have  each  in  turn  assailed  the  teachings  of  science, 
and  have  swept  along  with  them  many  a  good  and  earnest 
man  whose  fervid  piety  has  led  him  to  glory  in  the  motto 
^  Credo  quia  impossibUe  est,'  Vague  arguments,  in  which  words 
and  ideas  have  become  almost  inextricably  confounded,  have 
alarmed  the  consciences  of  men,  lest  the  rewards  of  faith 
should  be  withheld  from  those  whose  faith  required  no  sacrifice 
of  reason.  Meanwhile  it  has  been  forgotten,  both  that  there 
must  be  some  apparent  reason  for  one's  faith,  and  that  faith 
and  reason  are  alike  expressions  of  the  Divine  in  man.  To 
such  an  intensity  has  bigotry  continued  even  in  our  own  days, 
that  we  may  see  the  mischievous  sophistry  yet  maintained  in 
some  quarters,  that  there  are  moral  limits  to  inquiry,  which 
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man  may  not  presume  to  transcend;  before  which  scientific 
research  is  unlawM,  and  theological  inquiry  sinful.  What 
could  impel  to  such  doctrine,  except  an  apprehension  of  those 
results  to  which  honest  research  might  lead?  Were  the  pro- 
hibition addressed  only  to  a  class  deemed  incompetent  to  in- 
vestigate intelligently,  or  whose  preliminary  knowledge  was 
inadequate,  we  might  appreciate  and  possibly  approve  it. 
But  this  is  not  its  spirit.  It  is  either  an  assertion  that  the 
Almighty  cannot  guard  his  own  secrets,  or  else  it  is  an  asser- 
tion that  the  All-wise  and  All-powerflil  has  imbued  us  with 
quenchless  aspirations,  and  has  established  incentives  which 
cannot  be  followed  without  leading  us  away  from  him.  Before 
modem  science  existed,  while  superstition  held  unchallenged 
sway,  when  dealers  in  the  black  arts  of  chemistry,  astronomy, 
and  the  like,  were  conceded  to  have  sold  their  souls  to  Satan, 
such  a  doctrine  might  not  have  surprised  us.  But  that  edu- 
cated partisans  of  any  creed  should  maintain  today,  that 
obedience  to  the  God-given  instinct  of  searching  out  the  laws 
and  being  of  the  Almighty,  in  his  physical  and  moral  creation, 
is  a  crime,  and  that  the  tree  of  knowledge  still  bears  fruit 
which  it  is  forbidden  to  gather,  in  however  reverential  a  spirit, 
seems  a  horrible  anachronism. 

If  there  be  one  moral  truth  which  may  be  regarded  as  be- 
yond all  question,  it  is  that  our  worship  belongs  to  the  author 
of  nature,  who  fashioned  alike  the  body  and  the  soul  of  man, 
and  is  sovereign  over  all  matter  as  well  as  all  spirit.  Yet  the 
separation  between  scientific  and  religious  views  of  the  uni- 
verse has  been  growing  wider  for  a  century,  impelled  by  the 
joint  efforts  of  the  bigot  and  the  atheist,  who  have  worked 
most  earnestly  together  for  their  common  object.  Never  was 
the  need  so  sorely  felt  for  the  discovery  and  recognition  of 
that  middle  term,  which  must  exist,  and  through  which  the  dis- 
sonant views  are  reconcilable. 

One  of  the  clearest  thinkers  of  our  time  believes  that  he  has 
found  such  a  middle  term,  and  maintains  with  vigorous  argu- 
ment the  doctrine  that  it  exists  in  Force.  And  among  its  varied 
and  correlated  manifestations  he  claims  that  it  nowhere  finds  a 
simpler  or  higher  manifestation  than  in  Will, — the  only  form 
which  may  claim  to  be  primary.    Here  we  enter  upon  a  theme 
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BO  lofty  and  so  dizzying  in  its  height  that  we  may  well  distroBt 
oar  powers ;  and  in  the  unwonted  keenness  of  our  sense  of  thei^ 
inadequacy,  we  feel  how  closely  we  are  treading  upon  the  mar- 
gin of  their  range.  Yet  I  will  venture  to  say  a  few  words 
upon  this  point,  because  I  find  myself  alike  unable  to  resist 
the  conviction  that  a  great  verity  underlies  the  idea,  or  to  ac- 
cept the  doctrine  as  consonant  with  what  may  be  regarded  as 
demonstrated  concerning  the  nature  of  force ;  notwithstanding 
the  ability  with  which  it  has  been  maintained  by  a  certain 
school  of  philosophers,  that  life,  consciousness  and  all  psychical 
energy  are  simply  manifestations  of  this  same  force, — conver- 
tible into  and  deduced  from  heat,  chemical  action  and  the 
like. 

Scientists  are  now  of  accord  that  ''force  can  neither  be 
created  nor  destroyed,"  and  that  "the  quantity  of  force  in 
nature  is  Just  as  eternal  and  unalterable  as  the  quantity  of 
matter."  Its  various  forms  are  eminently  convertible,  yet 
utterly  indestructible.  And  to  avoid  that  fruitful  source  of 
disagreement  among  the  ablest  men,  which  has  arisen  from  the 
ambiguous  signification  of  the  word,  we  must  adopt  the  meaning 
which  is  finding  general  acceptance,  and  define  force  as  "that 
which  is  expended  in  producing  or  resisting  motion;"  thus 
clearly  discriminating  between  force  and  its  cause. 

In  his  retiring  Address  before  this  Association,  last  year,  our 
honored  ex-president  Dr.  Barnard  presented  an  argument,  so 
vigorous  and  clear  that  I  see  no  room  for  an  adequate  re- 
joinder, in  opposition  to  the  doctrine  which  would  extend  the 
principle  of  the  conservation  of  force  to  the  phenomena  of 
consciousness, — "a  philosophy  which  at  the  present  day  is 
boldly  taught  in  public  schools  of  science,  and  which  numbers 
among  its  disciples  many  very  able  men."  He  says,  for  in- 
stance :  — 

«  Organic  changes  are  physical  effects,  and  may  be  received  without 
hesitation  as  the  representative  equivalents  of  physical  forces  ex- 
pended. But  sensation,  will,  emotion,  passion,  thought,  are  in  no 
conceivable  sense  physical."— [iVoc.  Amer,  Assoc.,  Chicago,  p,  89.] 

<*The  philosophy,  which  makes  thought  a  form  of  force,  makes 
thought  a  mode  of  motion ;  converts  the  thinking  being  into  a  me- 
chanical automaton,  whose  sensations,  emotions,  intellections,  are 
mere  vibrations  produced  in  its  material  substance  by  the  play  of 
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physical  forces,  and  whose  codscIotis  existence  must  forever  cease 
when  the  exhausted  organism  shall  at  length  fail  to  respond  to  these 
external  impulses."— [/&i(2,  p.  91.] 

<*  Thought  cannot  be  a  physical  force,  because  it  admits  of  no  meas- 
ure. ...  A  thing  unsusceptible  of  measure  cannot  be  a  quantity,  and 
a  thing  that  is  not  even  a  quantity  cannot  be  a  force." — [i&id,  pp. 
98,  4.] 

Before  the  cogent  reasoning  carried  out  by  President  Bar- 
nard, of  which  the  general  tenor  is  indicated  by  these  quota- 
tions, the  view  that  force  affords  a  middle  term  between  the 
moral  and  the  material  worlds  can  be  sustained  as  little  as  the 
pure  materialism  against  which  the  argument  was  directed. 
But  if  we  ascend  a  grade  higher,  and  consider  that  which 
guides  and  compels  force,  as  force  guides  matter,  I  am  dis- 
posed to  believe  that  the  problem  may  be  nearer  to  a  solution. 
Yet  I  offer  my  views  with  hesitance,  not  unmindful  of  the  great 
thinkers  who  have  considered  these  exalted  topics,  and  shrink- 
ing from  the  rebuke  of  presumption. 

There  is  an  elegant  experiment,  in  which  the  tension  of  a 
spring  is  made  to  produce  heat  by  percussion,  thus  developing 
the  current  from  a  thermo-electric  battery,  which  by  successive 
modifications  of  its  force  exhibits  heat,  chemical  action,  mag- 
netic attraction,  and  finally  bends  another  spring;. the  same 
original  force  successively  appearing  in  all  these  various  mani- 
festations until  it  is  reestablished  in  its  primitive  form.  In 
such  an  experiment  the  imperfections  of  the  apparatus  would 
of  course  entail  some  loss  at  each  successive  step,  and  thus 
preclude  the  practical  recovery  of  an  available  force  equal  to 
that  expended  in  the  original  fiexure  of  the  spring.  Yet  the 
fact  is  beyond  question  that  such  loss  is  due  solely  to  the  inado- 
quacy  of  our  implements  for  collecting  and  transmitting  the 
force  at  each  stage  of  the  experiment ;  for  the  law  of  conser- 
vation teaches  that  it  is  in  every  instance  converted  into  other 
form  or  forms  without  diminution.  Could  such  an  apparatus 
be  constructed  with  theoretical  perfection,  it  would  represent 
an  eternal  circuit  of  force ;  and,  like  the  frictionless  pendulum 
in  a  vacuum,  it  would  exhibit  a  perpetual  motion,  after  the 
needful  impulse  had  once  been  applied.  The  spring  would  os- 
cillate forever,  did  no  extraneous  force  oppose,  whether  the 
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force  producing  its  rebound  were  or  were  not  transmitted 
through  a  chain  of  modifications. 

In  this  inert  apparatus  no  force  whatever  would  have  been 
embodied,  yet  qualities  would  have  been  implanted  by  design, 
which  would  compel  an  indestructible  force,  applied  to  it,  to 
play  the  part  of  an  unwilling  Proteus.  The  influence  seema 
unavoidable  that  force  may  be  guided  and  controlled,  com- 
pelled to  exert  itself  in  this  or  in  that  shape,  without  the  out- 
lay of  any  other  force  for  the  purpose.  If  it  be  objected  that 
it  is  an  intrinsic  law  of  force  that  it  shall  change  its  form  in 
exerting  itself,  the  case  is  in  nowise  altered  by  the  expression 
of  this  truism.  Our  design  has  prescribed,  and  (extraneous 
force  being  absent)  might  indefinitely  prescribe,  the  modes  and 
directions  in  which  that  constant  force  should  manifest  itself. 

Muscular  force  is  directed,  and  in  its  vital  action  is  usually 
controlled,  by  will.  If  we  assume  it  to  be  coequal  with  the  ex- 
penditure of  tissue,*  measurable  alike  by  its  transferred  re- 
sults and  by  the  decomposition  of  this  tissue,  where  and  what 
is  that  power  which  lets  loose  or  withholds  this  force,  and 
whose  action  is  attended  by  a  conscious  effort?  It  is  the  wiU, 
— a  something  which  directs  and  controls  force  without  ex- 
pending it.  Not  only  are  thought  and  forms  of  consciousness 
not  forces,  if  the  reasoning  already  adduced  be  correct,  but, 
although  often  moral  incentives  to  the  will,  they  are  not  even 
motive  energies,  in  the  sense  in  which  I  think  we  must  con- 
cede the  will  to  be  such.  It  is  true  that  the  exercise  of 
thought  is  followed  by  fatigue,  yet  it  is  not  attended  by  a  sense 
of  effort,  except  in  so  far  as  it  is  directed  by  an  exertion  of 
the  will.  And  although  the  former  doubtless  consumes  tissue, 
have  we  a[ny  reason  for  believing  that  the  exercise  of  will  does 
the  same,  apart  from  that  consumption  which  corresponds  to 
the  forces  whose  mode  of  action  it  prescribes? 

Thus  it  would  appear  that  the  metamorphosis  of  force, 
though  not  ''work  done"  in  the  mechanical  sense,  is  the  re- 
sult of  some  definite  mode  of  causation.  What  this  causation 
is,  and  whether  it  is  susceptible  of  measurement,  are  the  next 
questions.    In  the  same  category  with  this  agency,  or  energy, 

•Even  if  It  be  also,  to  some  extent,  supplied  by  the  disorganisation  of  food  not 
fblly  converted,  the  armament  is  not  thereby  affooted. 
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or  influence,  the  vital  principle  would  seem  to  belong, — direct- 
ing forces  while  it  neither  expends  nor  consumes  them.  In  the 
growth  of  organic  beings,  unstable  combinations  are  formed, 
and  organized  structures  are  thence  reared,  in  which,  as  Kant 
has  so  beautifully  said,  ^^all  parts  are  mutually  ends  and 
means.''  If  in  such  organic  development  force  is  consumed, 
disorganization  without  decomposition  ought  to  evolve  it.  Of 
the  deposit  of  force  in  the  unstable  material  of  the  tissues,  I 
am  not  speaking,  but  of  the  vitality  itself,  which  represents  an 
energy  requisite  for  the  development  and  growth  of  organisms, 
— their  dissolution  being  in  turn  attended  by  development  of 
inferior  forms  of  life,  which  suggest  that  this  energy  may  have 
again  been  made  available, — an  energy  too  which  is  not 
"  force,"  as  this  term  has  just  now  been  defined. 

No  comparison  can  be  drawn  between  vitality  and  those 
molecular  forces  which  build  the  crystal.  Crystalline  forms 
arise  when  the  molecular  attractions  enjoy  the  freest  scope, 
and  their  construction  must  be  attended  by  an  evolution  of 
force,  which  ought  to  be  recognizable  by  physical  tests,  and 
which  should  also  be  measurable  by  an  excess  of  their  resis- 
tance to  solution,  over  that  of  comparatively  amorphous  masses 
of  the  same  material,  in  which  equal  weights  present  equal 
surfiices. 

So,  too,  not  only  in  that  individuality  which  life  confers  and  in 
the  impossibility  of  insulating  or  transferring  vitality,  but  also 
in  its  hereditary  character  and  its  apparent  susceptibility  of 
indefinite  increase  or  diminution,  the  vital  energy  violates  our 
fimdamental  conceptions  of  force,  and  demands  a  separate 
category,  seeming  to  belong  in  the  same  with  will.  If  will  and 
life  be  forms  of  force,  their  total  amount  must  be  limited  by 
the  law  of  conservation.  If,  on  the  other  hand,  they  are  out- 
side the  realm  of  forces,  we  may  more  readily  indulge  the  con- 
viction to  which  experience  would  lead,  that  their  freedom  is 
unfettered  by  any  restrictions  within  our  knowledge, — each 
enjoying  an  indefinite,  though  possibly  a  correlated  scope  in  its 
own  domain.  The  indestructibility  of  both  matter  and  force 
implies  a  fixed  coefficient  of  force  for  matter  in  equilibrium ; 
but  how  great  is  the  contrast  offered  in  this  respect  by  such 
energies  as  life  and  will  I 
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Now  if  this  reasoning  be  correct,  we  may  have  in  this  class 
of  energies  that  middle  term,  so  earnestly  desired  and  so  in- 
tensely needfhl,  which  unites  the  phenomena  of  matter  with 
those  of  spirit,  and  forms  the  connecting  link  between  science 
and  religion;  their  harmonious  conjunction  affording  the 
highest  system  of  philosophy.  It  is  this  class  of  energies 
which,  controlling  the  forces  of  matter,  guides  and  governs 
their  modifications  and  transformations.  It  is  this,  moreover, 
which,  inseparable  from  mind,  is  exerted  by  all  conscious  organ- 
ism. The  mystic  play  of  coequal,  but  to  our  senses,  so  dis- 
similar forces,  and  the  equally  recondite  mutual  action  of  the 
eye,  the  brain  and  the  nerve,  alike  demand  agencies  transcend- 
ing all  our  science,  yet  implicitly  obe3ring  physical  laws.  The 
highest  manifestations  of  these  agencies  is  in  will ;  the  highest 
agent  is  the  Almighty.  Thus  the  dictum  of  faith,  that  the 
universe  exists  only  by  virtue  of  the  continued  will  of  its 
Creator,  represents  a  palpable  scientific  fact ;  and  we  may  see 
that  the  pantheist,  the  materialist  and  the  spiritualist  (I  will 
not  be  debarred  from  this  noble  word  by  the  associations  of  its 
misuse  today)  have  been  contemplating  the  same  exalted 
truth  from  different  aspects,  with  limited  ranges  of  vision. 

With  the  disappearance  of  theological  hostility  to  science,  a 
new  era  will  commence,  and  increased  progress  may  confi- 
dently be  expected  both  for  science  and  for  religion.  But  we 
may  not  conceal  from  ourselves  that  the  omens  are  less  favor- 
able for  science  in  our  own  land  than  elsewhere,  since  there 
are  peculiar  obstacles  to  be  encountered.  These  chiefiy  arise, 
directly  or  indirectly,  from  that  characteristic  in  our  national 
development,  which  assigns  an  exaggerated  value  to  immediate 
utility,  and  a  low  estimate  to  what  real  utility  is.  It  cannot 
be  denied  that  the  attainment  of  riches  is  becoming  with  us 
more  and  more  the  chief  aim  of  existence ;  and  this  tendency 
is  aggravated  by  that  dominant  spirit  in  our  large  cities,  which 
gives  to  wealth  alone  the  influence  which  it  ought  to  share 
with  integrity,  with  refinement,  with  education,  and  with  tal- 
ent. Thus  the  ambition  of  our  youth  is  almost  irresistibly 
directed  to  the  acquisition  of  property  as  the  highest  worldly 
good,  and  their  experience  is  made  to  confirm  the  doctrine. 
Our  institutions  of  science,  few  as  they  are  (and  almost  uni- 
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versally  confounded  by  the  public  with  institutions  for  the 
preliminary  education  of  youth),  are,  like  the  latter,  dependent 
upon  subsidies  and  gifts  from  individuals.  A  disposition  to 
advance  the  public  welfare  by  liberal  munificence,  may  cer- 
tainly be  claimed  for  our  wealthy  classes,  and  America  has  a 
right  to  abundant  pride  in  the  generosity  of  her  rich  men; 
yet  it  cannot  be  expected  that  largeness  of  views  in  literary 
or  scientific  matters  should  always  be  commensurate  with 
largeness  of  heart ;  and  the  monuments  of  unwisely  directed 
generosity,  scattered  aU  over  the  land,  commemorate  gifts, 
which,  if  Judiciously  bestowed,  would  probably  have  placed  the 
United  States  in  the  front  rank  of  intellectual  progress.  But, 
more  than  this,  these  same  influences  have  resulted  in  placing, 
to  a  very  large  extent,  the  governance  and  guidance  of  intel- 
lectual agencies,  and  the  control  of  intellectual  institutions,  in 
the  hands  of  men  not  well  fitted  for  theur  exercise.  How  could 
science,  or  literature,  or  art  thrive,  while  their  interests  are  in 
the  keeping  of  those  who  do  not  comprehend  them,  and  who, 
even  with  the  best  intentions,  do  not  know  at  what  to  aim? 
The  administration  of  the  finances  of  an  institution  loses 
much  of  its  value,  when  the  institution  itself  goes  adrift.  And 
then  again,  while  it  has  been  and  is  still  the  usage  to  do  all 
we  can  for  the  education  of  youth  up  to  a  certain  point,  no 
encouragement  or  support  has  been  deemed  needfhl  beyond 
that  point ;  so  that  in  fact  the  individual  is  aided  in  prepar- 
ations for  usefulness,  but  receives  not  the  slighest  encourage- 
ment for  the  actual  exercise  of  that  usefulness,  after  the 
preparation  is  completed.  In  late  years  we  have  actually  re- 
trograded in  this  respect ;  and,  even  in  seminaries  of  education, 
discouragements  are  thrown  in  the  way  of  those  studies  which 
do  not  suit  the  views  of  the  utilitarian.  But  in  America 
today,  the  crying  need  is  of  opportunities  to  make  serviceable 
such  preliminary  training  as  may  have  been  acquired  in  any 
purely  intellectual  or  scholastic  field — a  need  far  greater  than 
any  lack  of  opportimity  to  obtain  this  requisite  education.  It 
has  become  forgotten  that  the  training  of  the  school  and  the  col- 
lege is  but  a  means,  and  not  an  end ;  and,  as  in  so  many  other 
cases,  the  end  is  lost  from  sight  in  the  pursuit  of  the  means, 
—  the  prosecution  of  research  is  neglected,  while  the  requisite 
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education  is  zealously  provided  for.  Thus  it  is  that  the  sci* 
entist  is  compelled,  almost  without  exception,  to  earn  his  bread 
independently  of  his  vocation,  that  is  to  say,  by  work  other 
than  scientific  research.  Finally,  the  want  of  any  recognized 
tribunal,  whose  judgement  might  be  provisionally  accepted 
upon  matters  requiring  scientific  knowledge  for  their  decision, 
which  might  command  public  confidence  by  the  diaracter  and 
attainments  of  its  members,  and  which  could  represent,  advo- 
cate and  maintain  the  interests  of  science  with  the  public  and 
with  government,  has  till  recently  been  a  source  of  disadvan- 
tage, which  it  would  be  diflcult  to  overestimate. 

The  extent  to  which  our  people  has  indirectly  suffered  from 
the  want  of  recognition  and  support  of  scientific  pursuits 
would  scarcely  be  credited  at  first  statement.  The  lack  of 
those  mental  habitudes  which  they  imply,  is  a  fruitfhl  parent 
of  superficiality,  and  is  largely  accountable  for  our  national 
fault, — ^want  of  thoroughness ;  for  thoroughness  will  never  flour- 
ish while  only  those  pursuits  are  encouraged  which  promise 
immediate  recompense  of  the  most  tangible  sort.  Another 
result  is  the  absence  of  deference  to  competent  authority,  the 
absence  of  respect  for  mental  excellence  and  power.  To  be- 
come aware  how  little  we  know,  requires  some  progress  in 
knowledge ;  and,  just  as  want  of  faith  brings  superstition,  so 
diBregard  or  ignorance  of  known  laws  begets  credulity.  What 
ludicrous  illustrations  of  this  fkct  are  daily  offered  by  the 
vague  popular  conceptions  of  the  weU-known  laws  of  electri- 
cal action.  I  have  heard  it  said  that  the  most  complex  pro- 
cesses are  suddenly  revealed  and  made  clear  to  the  feminine 
mind  by  the  magic  word  ^^  machinery.''  Be  this  true  or  not, 
it  will  scarcely  be  denied  that  to  the  masculine  intellect  there 
is  a  cabalistic  virtue  of  equal  potency  in  the  mysterious  name 
"electricity."  To  this  awe-inspiring  agency  —  although  no 
more  recondite  for  the  physicist  than  heat  or  light  or  grav- 
itation—  all  uncomprehended  facts  are  attributed  with  a  sort 
of  satisfaction  to  that  reference  to  supernatural  powers  is  thus 
evaded! 

The  recently  prevalent  belief  in  ghostly  table-turnings, 
supernatural  knockings,  rappings  and  bell-ringings,  and  in 
spiritual  lead-pencils,  would  furnish  also  a  painfUl  illuatratioa 
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of  my  meaning,  were  it  not  still  a  somewhat  dangerous  subject 
to  discuss  with  freedom, — even  out  of  Salem  1 

Prominent  among  the  serious  dangers  which  are  theatening 
the  welfare  of  science  among  us,  at  present,  is  its  advocacy 
upon  improper  grounds.  That  man  is  no  loyal  follower  and 
no  true  Mend,  of  science  who  bases  her  claims  to  support  upon 
the  ground  of  immediate  practical  utility.  How  essential  she 
always  has  been  to  the  useful  arts,  all  history  and  experience 
proclaim ;  yet  these  recompenses  would  form  indeed  a  low  and 
unworthy  motive  for  her  pursuit.  To  follow  her  for  such  an 
end  would  be  to  follow  a  Divine  leader  for  the  sake  of  the 
loaves  and  fishes,  expected  to  be  miraculously  dispensed  to 
hearers  of  the  word.  To  hear  that  word,  to  learn  that  law,  to 
gain  some  comprehension  of  the  lofty  scheme,  such  are  at  least 
the  only  motives  worthy  of  avowal.  The  present  reaction 
from  the  era,  when  all  culture  other  than  classical  and  meta- 
physical was,  disregarded  if  not  despised,  and  the  crusade 
against  classical  culture,  which  results  from  this  excessive  reac- 
tion, bode  no  good  to  science.  The  champions  in  this  crusade 
occupy  simply  the  utilitarian  ground,  and  their  alleged  advo- 
cacy of  science  is  in  fact  scarcely  more  than  an  advocacy  of 
the  usefhl  arts  as  the  highest  object  of  education  or  of  the 
attention  of  the  educated  classes.  The  crusade  is  not  in  be- 
half of  this  or  that  form  of  intellectual  progress ;  it  is  against 
such  intellectual  culture  as  has  not  some  tangible  end,  capable 
of  being  represented  by  dollars,  or  finding  expression  in  some 
form  of  physical  well-being.  Results  of  this  outburst  of  utili- 
tarianism, combined  with  worship  of  Mammon,  are  already 
visibly  manifested  all  around  us  in  the  substitution  of  expen- 
siveness  for  elegance,  of  monstrosity  for  grandeur,  of  gaudi- 
ness  for  beauty,  of  quantity  for  quality.  As  the  golden  age 
degenerated  to  the  iron,  so  the  age  of  iron  has  dwindled 
into  that  of  tinsel.  See,  in  so  many  public  buildings,  how 
tawdry  contrasts  in  color,  or  extravagance  in  ornamentation, 
usurp  the  place  of  beauty  in  form.  See,  in  public  grounds, 
how  the  grace  and  harmonies  of  nature  are  ostracized,  for  the 
sake  of  putting  something  expensive  in  their  place.  Even  the 
reverence  which  would  fain  preserve  and  protect  what  is  hal- 
lowed by  associations  and  memories  of  the  great  and  good  is 
regarded  as  a  conservatism,  quite  '^  behind  the  times.'' 
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To  save  our  country  from  the  abyss,  on  the  verge  of  wbick 
it  stands,  will  require  all  the  energies  which  can  be  summoned ; 
yet  we  have  the  satisfaction  of  knowing  that,  with  few  excep- 
tions, the  most  refined  and  cultivated  men  of  the  land  recog- 
nize the  danger  and  are  united  in  efforts  for  its  aversion.  Sci- 
ence has  few  stronger  Mends  than  among  the  scholars  of 
America;  scholarship,  few  more  zealous  adherents  and  ad- 
mirers than  among  her  scientific  men.  Intellectual  culture,  of 
any  sort  which  aims  at  something  higher  than  narrow  utility,  is 
what  we  need,  and  its  advance  in  any  one  direction  can 
scarcely  fail  to  be  followed  by  advances  in  others.  Scientific 
education,  moreover,  peculiarly  requires  Mlness  of  culture; 
and  whatever  hampers  this,  obstructs  the  progress  desired. 
The  experience  of  ages  may  not  lightly  be  disregarded,  and 
we  must  remember  that  novelty  is  not  necessarily  excellence 
in  philosophy,  education  or  art. 

But  there  is  a  pleasanter  side  to  the  prospect ;  for,  where  sci- 
ence does  have  a  foothold,  her  path  is  becoming  smoothed  and 
the  sphere  of  her  influence  extended  as  never  before.  In  scien- 
tific matters  at  least,  we  are  attaining  the  epoch  of  simplicity, 
which  entails  universality,  and  this  in  its  turn  promotes  the 
brotherhood  of  all  who  serve  a  common  cause.  The  magnificent 
discovery  of  the  correlation  of  the  physical  forces  weaves  the 
physical  sciences  into  hanx\onious  relationship,  and  opens  to 
our  vision  glimpses  of  still  grander  generalizations  beyond. 
Recognition  of  the  equivalence  of  these  different  forces  entails 
the  introduction  of  absolute  units  which  command  universal 
acceptance ;  and  thermic,  electric,  magnetic,  chemic,  mechanic 
energies  are  gauged  by  units  depending  on  the  meter  and  on 
the  earth's  rotation.  The  metric  system  of  weiglits  and  meas- 
ures, already  of  almost  universal  use  for  purpose  of  research, 
is  rapidly  finding  popular  adoption  among  all  nations,  notwith- 
standing the  force  of  prejudice  and  the  reluctance  to  modify 
habitual  usage.  Thus  the  nations  are  entering  into  more  inti- 
mate intellectual  relations  with  each  other,  at  the  same  time 
that,  by  the  progress  of  the  arts  of  life,  the  physical  barriers 
which  separated  them  are  broken  down,  and  the  sharpness  of 
dividing  lines  is  softened. 

It  would  be  unjust  too,  did  we  fail  to  acknowledge  the  influ- 
ences by  which  trade  has  not  unfrequently  exerted  a  most 
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bealthAil  stimulus  upon  scientific  research,  when  the  require- 
ments of  the  arts  have  pointed  out  the  directions  in  which 
farther  knowledge  is  especially  needful  for  their  purposes. 
The  wonderful  additions  to  our  knowledge  of  the  laws  of  elec- 
trical circuits,  which  have  been  evoked  in  England  by  the  direct 
influence  of  companies  for  the  manufacture  and  use  of  subma- 
rine telegraph-cablos,  furnish  a  brilliant  example  of  what  may 
be  accomplished  in  this  way.  And  of  a  quite  analogous  char- 
acter are  those  national  influences  and  characteristics  which 
tend  to  the  especial  promotion  of  particular  branches  of  science, 
and,  by  the  reciprocal  and  reflected  action  of  these  upon  the 
tendency  thus  implanted,  render  it  markedly  prominent.  Thus 
the  need  of  discovering  and  making  manifest  the  mineral 
wealth  of  this  continent,  together  with  the  magnificent  fields 
offered  for  exploration,  have  given  in  America  remarkable 
development  and  impulse  to  geological  investigation,  and  the 
proportion  of  geologists  among  our  scientific  men  is  probably 
manifold  larger  than  in  any  other  coimtry.  The  same  may  be 
said  of  physical  geography  and  of  geographical  and  topo- 
graphical exploration.  But,  more  than  any  other  art,  war  has 
stimulated  physical  science;  and  those  branches  which  have 
been  made  to  contribute  most  abundantly  to  military  ends  are 
those  which  have  thriven  most  among  military  nations.  Ap- 
plied mathematics  and  the  departments  of  physics  useful  to  the 
engineer,  the  topographer  and  the  artillerist  have  specially 
flourished  in  France.  An  amusing  illustration  of  the  relative 
positions  which  sciences  and  arts  may  occupy  under  peculiar 
influences,  is  fhmished  by  a  publisher's  book-list,  published  in 
Paris  monthly.  The  newly  published  books  are  assorted  by 
subjects,  and  one  of  the  groups  uniformly  appears  as  follows : 
^^  Sciences  Matkematiques  et  MUUairea: — Astronomies  Arith' 
metiqtiey  Marine^  Equitation;"  thus  showing  how  thoroughly  the 
system  of  classiflcation  is  arranged  from  the  standpoint  of  the 
cavalry-man.  National  legislation,  too,  exerts  a  decided  influ- 
ence, and  in  our  own  land  by  no  means  a  favorable  one  to  the 
investigator.  At  this  moment  the  import-duty  imposed  by  law 
upon  apparatus  intended  exclusively  for  investigation,  in  in- 
creasing the  sum  of  human  knowledge,  is  nearly  three  times  as 
great  as  that  upon  the  same  apparatus  if  imported  for  purely 
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eduoational  purposes,  in  disseminating  knowledge  already  at- 
tained I 

In  these  remarks,  Grentlemen,  I  have  endeavored  to  lay  be- 
fore you  such  facts  and  considerations  as  may  illustrate  the 
position  and  relations  of  the  follower  of  science,  especially  in 
the  United  States.  What  measure  of  confidence  my  inferences 
may  deserve,  your  own  experience  and  Judgement  must  decide ; 
but  I  am  sure  you  will  not  doubt  my  earnest  desire  so  to  pre- 
sent them  as  to  wound  the  sensibilities  of  no  man.  I  have 
sought  conscientiously  to  describe  the  present  aspect  of  sci- 
entific culture  in  our  country,  neither  shrinking  from  the  state- 
ment of  unwelcome  truths,  nor  refusing  admission  to  the 
hopeM  promises  of  the  fhture.  What  that  future  is  to  be, 
rests  in  great  measure  with  the  generation  now  upon  the  stage. 

The  magnificent,  the  stupendous  march  of  scientific  discov- 
ery in  the  recent  past,  leads  to  brilliant  and  almost  limitless 
aspirations  for  the  near  future.  The  range  of  human  insight 
into  the  creation  has  been  of  late  so  wondrously  expanded  at 
each  limit,  that  we  are  emboldened  to  expectations  of  scientific 
discovery,  which  at  first  seem  utterly  extravagant.  If  within  a 
decade  we  have  learned  to  analyze  the  incandescent  substance 
of  sun  and  star,  comet  and  nebula, — if  we  have  attained  to 
thermic,  electric  and  acoustic  tests,  delicate  beyond  the  apparent 
reach  of  human  perception, — if  we  have  learned  the  strange 
relation  of  meteor  and  comet,  and  added  even  molecular  forces 
to  the  lists  of  known  cosmical  agencies, — if  we  have  traced  the 
laws  of  thermal  refraction  within  conducting  solids,  and  found 
out  a  higher  alchemy  in  the  transmutation  of  forces, — is  it  too 
much  to  expect  that  a  few  years  more  will  disclose  the  subtle 
relation  between  conduction  and  induction ;  that  whatever  may 
correspond  to  refraction  in  electricity  will  be  developed ;  that 
the  source  of  the  phenomena  of  terrestrial  magnetism  will  be 
brought  to  light  by  the  continued  study  of  its  laws  ;  that  the 
mystic  bond  of  gravitation  may  be  made  less  incomprehensible ; 
that,  if  radiant  action  without  a  medium  be  possible,  its  mode 
of  operation  will  be  discovered;  and  that  perhaps  even  the 
chemical  constitution  of  the  luminiferous  ether  may  be  anar 
lyzed. 

In  our  own  country,  none  of  the  obstacles  to  proper  scien- 
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tific  development  are  insurmountable  in  their  character.  Seri- 
ous they  are  indeed,  yet  far  from  discouraging.  Amid  our 
hopefldness  and  faith  in  the  magnificent  fhture  which  awaits 
the  land  we  love  more  than  Jews  loved  Zion,  and  toward  which 
we  look  forward  with  an  intenser  pride  than  Athenian  or  Bo- 
man  ever  felt  in  the  past  glories  of  his  country,  we  are  too  apt 
to  tinge  all  the  prospect  with  roseate  coloring;  and,  in  the 
greatness  and  depth  of  our  confidence,  we  are  tempted  to  shut 
our  eyes  to  inauspicious  omens.  The  patriot's  duty  is  not  to 
deny,  but  to  meet  and  avert,  all  danger  threatening  his  country ; 
it  is  to  labor  for  her  welfare,  not  to  bask  in  dreams  of  her 
oomii^  glory. 

There  are  already  abundant  indications  of  a  desire  in  the 
community  to*'encourage  science.  However  large  a  share  may 
have  fallen  by  the  wayside,  or  on  stony  ground,  still  much  of 
the  liberality  abready  manifested  must  bear  good  fruit.  And 
as  the  fruit  ripens  and  the  community  receives  the  resultant 
benefit,  many  of  the  evils  already  enumerated  must  infallibly 
be  diminished.  That  completely  vicious  circle  of  administra- 
tive policy  must  sooner  or  later  disappear,  by  which,  in  in- 
stitutions established  for  noble  ends,  the  aims  and  objects 
themselves  are  lowered  for  the  sake  of  winning  donations  for 
additional  endowment.  The  time  cannot  fail  to  arrive  when 
literary,  artistic  and  scientific  matters  shall  at  last  receive  the 
guidance  of  literary,  artistic  and  scientific  men.  Of  all  intel- 
lectual pursuits,  our  national  character  seems  most  inclined  to 
those  of  science.  Would  that  the  prospects  of  classical  cul- 
ture and  refinement  were  one-half  as  good  as  those  of  scientific 
progress;  for  the  proper  mutual  relations  once  established, 
these  could  not  fail  to  reinforce  and  supplement  each  the  other. 
In  short,  we  need  only  the  adaptation  of  our  hitherto  untried 
forms  of  social  organization  to  intellectual  as  well  as  material 
interests, — an  adaptation,  which  the  relatively  small  infiuence 
of  intellectual  pursuits  thus  far  has  too  long  delayed. 

The  fundamental  idea  of  this  Association  is  the  Advance- 
ment of  Science  by  promoting  intimate  relations  among  those 
who  love  and  desire  to  serve  her,  by  gathering  from  distant 
regions  the  various  results  of  scientific  study  for  common  dis- 
cussion and  comparison,  and  by  disseminating  throughout  the 
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country  a  popular  interest  in  the  ennobling  pursuits  to  which 
we  oflfer  our  allegiance.  The  absurdity  of  casting  ridicule 
upon  the  Association  because  it  inyites  to  its  ranks  all  lovers 
of  science,  whatever  their  sphere  of  life,  their  attainments,  or 
their  avocation, — cordially  welcoming  the  contributions  and 
encouraging  the  attendance  of  all  who  avail  themselves  of  this 
means  of  fhrthering  the  great  end, — is  only  paralleled  by  that 
other  one,  which  finds  another  occasion  for  ridicule  in  the  policy 
of  confining  the  decision  of  purely  scientific  questions  to  those 
who  are  scientists  by  vocation.  The  flippant  sneers  at  scien- 
tific institutions  of  both  classes,  which  not  unfrequently  meet 
our  eyes,  would  almogt  lead  us  to  doubt  whether  it  were  de- 
sired to  confine  all  scientific  culture  to  a  class  of  Brahmins,  or 
to  submit  the  law  of  gravitation  to  a  popular  vote  by  majority. 
In  the  present  criticid  period  of  our  national  development,  the 
need  of  an  organization  like  this  is  palpable ;  and,  if  only  some 
element  of  greater  stability  and  of  established  policy  could  be 
introduced  (which  would  seem  by  no  means  difi^cult),  its  use- 
fulness would  be  beyond  description,  reaching  to  every  comer 
of  the  continent,  and  permeating  the  whole  people  with  its 
healthful  infiuence. 

Our  field.  Gentlemen  of  the  American  Association,  lies 
clearly  mapped  out  before  us.  Our  duties  are  shrouded  in  no 
uncertainty.  To  disseminate  and  impress  the  great  truth  that 
God  has  given  us  His  works  to  read  and  His  lav^s  to  learn ; 
to  advance  the  public  estimation  of  scientific  research,  not  as 
a  means,  but  as  an  end,  —  an  end,  however,  which  when  hon- 
estly pursued  never  yet  failed  to  bring  rich  recompense  to 
the  community ;  to  encourage  and  assist  all  institutions  estab- 
lished for  the  increase  of  human  knowledge ;  to  inculcate  res- 
pect for  learning  and  reverence  for  authority ;  to  guide  ambi- 
tion away  from  the  mere  accumulation  of  lucre  and  toward 
intellectual  aspirations ;  to  deserve  the  confidence  and  guide 
the  liberality  of  good  and  patriotic  men,  who  would  contribute 
of  their  own  abimdance  to  frirther  the  holy  cause  of  science ; 
to  protect  scientific  interests  from  the  greed  of  those,  who 
would  make  of  them  a  prey,  incited  by  the  lust  of  money 
or  of  power ;  and  by  these  and  all  other  righteous  means  to 
hasten  the  time  when  the  land  qf  th^  setting  sun  shall  become 
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the  Orient  by  leading  the  science  of  the  world,  awing  the 
nations  rather  by  her  intellectual  achievements  than  by  her 
material  power ;  —  these  are  among  the  great  interests  which 
are  conmiitted  to  our  charge. 

May  we,  one  and  all,  so  acquit  ourselves  of  these  high  re- 
sponsibilities, that  coming  years  shall  render  a  verdict  that 
the  republic  has  received  no  detriment  through  negligence  or 
weakness  of  ours  I 
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A.   MATHEMATICS,  PHYSICS,  AND  CHEMISTRY. 

I.  MATHEMATICS. 

1.    A  Demonstration  of  Euclid's  assumed  axiom  belatiys 

TO    PABALLEL    LINES.       By  AlEXANDBB    C.   TwiNiNG,   Of 

New  Haven,  Conn. 

The  plain  and  admitted  fact  that  science  feels  no  defect  in 
its  conclusions  and  experiences,  no  limitation  even  of  its  most 
subtle  and  recondite  researches  in  consequence  of  the  acknowl- 
edged absence  of  a  link  in  the  rigorous  chain  of  Euclid's 
demonstrations,  does  not,  apparently,  abate  the  zealous  efforts 
of  modem  geometry,  to  have  the  defect  supplied.  It  may  be 
hard  to  explain  why  the  human  mind  should  persist  in  striving 
after  a  desideratum  which  is  not  felt  as  an  operative  necessity, 
except  we  recognize  a  profound  conviction  of  the  superiority 
of  pure  intellect,  upon  abstract  subjects  of  thought,  to  any 
and  all  deductions  fVom  mere  experience.  The  author  of  this 
paper  has  ventured  before,*  and  ventures  now  to  follow  in  the 
wake  of  the  many  who  have  attempted  to  prove,  under  the 
definitions,  and  by  the  severe  paths  of  the  old  geometry,  the 
noted  axiom — not  so  accepted  however  by  modern  science,  nor 
yet  proven  to  general  satisfaction — that  through  a  given  point 
there  can  he  hut  one  paraUd  to  a  given  straight  line.  In  pre- 
paring this  paper  for  publication,  some  substitutions  and  abbre- 
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yiations  have  been  made,  of  which  an  indistinct  intimation  was 
given  at  the  time  of  its  reading.  Obviously  the  chief  novelty 
and  principal  importance  are  centred  in  the  resulting  proposi- 
tion, which  the  Lemma  here  immediately  following  is  made  to 
precede  as  a  mere,  although  an  essential  auxiliary,  and  might 
be  proved  yet  otherwise. 


No  triangle  can  have  the  8um  of  it8  angles  greater  than  two  right  angles. 

If  this  is  proven  of  right  angled  triangles,  then  is  it  also 
proven  of  all  triangles;  for  any  triangle  whatever,  may  be 
divided  into  two  right  angled  triangles, 
whode  oblique  angles  together  constitute 
the  angles  of  the  given  triangle;  conse- 
quently if  it  is  shown  that  the  oblique 
angles  of  neither  can  together  exceed  a 
right  angle,  it  is  also  shown  that  the  angles  of  the  given  tri- 
angle cannot  exceed  two  right  angles. 
Accordingly,  to  prove  the  above  for 
right  angled  triangles,  let  ABC  he  sl 
triangle,  right  angled  at  B\  and,  if 
possible,  let  the  two  angles  at  A  and 
O,  be  together  greater  than  a  right 
angle.  Upon  AB  raise  the  perpen- 
dicular AD  equal  to  BO  and  Join  CD. 
Because  the  two  oblique  angles  of  the 
triangle  exceed  a  right  angle,  while  the 
two  constituent  angles  of  BAD  are 
only  a  right  angle,  it  follows  that 
DACis  less  than  its  alternate  angle 
ACB»  Reverse  AC  upon  itself,  and 
revolve  D  down  to  0,  CO  must  fall 
within  A  CB,  but,  being  only  equal  to 
BCj  cannot  intersect  AB.  Therefore 
the  triangle  ACO  lies  wholly  within 
ABC^  and  0,  or  Z>,  exceeds  the  right 
angle  at  B.  (Euc.  1,  21.)  Then  the 
quadrilateral  ABCD  has  two  right  angles,  and  has  the  angles 
BCD,  CDAj  equal,  and  each  greater  than  a  right  angle. 
Revolve  this  quadrilateral  over  into  the  position  ABC'D'\ 
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then  DAD*  is  one  straight  line,  and  CBC  is  also  one  straight 
line,  and  the  quadrilateral  CC'D'D  has  its  four  angles  equal 
to  one  another,  and  each  greater  than  a  right  angle.  Revolve 
it  over  upon  its  terminal  side  D'O^  into  the  position  O  C"D"D'y 
then  DD'D"  is  a  reentering  angle  and  GC'G"  is  another  equal 
to  it.  Draw  i5  and  ^h  perpendiculars  to  the  medial  line  D'O' 
at  the  apices  D*  and  C  They  will  meet  CD  between  C  and 
2>,  and  they  will  also  meet  CD"  between  C"  and  D".  Thus 
there  will  be  formed  a  new  quadrilateral  J>  &i,  having  its  angles 
all  equal  and  in  excess  of  the  corresponding  angles  at  O,  2>, 
2>",  C"^  because  they  are  exterior  to  them  in  the  triangles 
DD'i  D'D"h^  etc.  Also,  for  the  like  reason,  and  because  D, 
Z>",  etc.,  are  obtuse,  the  lines  D'l,  Z>'6,  etc.,  are  greater,  res- 
pectively, than  Z>'D,  D'D"^  etc.  Revolve  the  new  quadrilat- 
eral over  on  its  terminal  side  66,  into  the  new  position  hh'h'h. 
Then  fih'^  ^V  are  reentering  angles  whose  apices  are  at  the 
extremities  of  the  medial  line  hb.  Perpendicular  to  that  line, 
at  those  extremities  and  apices,  raise  the  lines  22',  22' ;  they 
will  meet  u  and  h'h'  within  the  points  i,  i,  and  6',  6',  respec- 
tively. And  by  revolving  over  the  quadrilateral  222'2'  upon 
its  terminal  2'2',  this  last  will  become  a  thitd  medial  line 
whose  extremities  are  the  apices  of  a  third  pair  of  reentering 
angles  22'2',  from  which  a  third  pair  of  perpendiculars  2'd, 
may  be  raised,  cutting  the  fixed  terminal  side,  Z>C,  in  the 
points  3,  3,  and  making  33,  less  than  22,  or  than  its  equal, 
2'2'.  And  this  course  of  construction,  it  is  evident,  may  be 
continued  at  pleasure,  so  long  as  there  remains  a  medial  line 
at  whose  extremities  new  perpendiculars  may  be  raised  and 
produced  backwards,  to  cut  both  DC  and  its  corresponding 
and  opposite  terminal  side ;  that  is  to  say,  so  long  as  the  suc- 
cessive segments  (71,  C2,  03,  etc.,  have  not  increased  to  a 
length,  as  OZ,  which  shall  have  either  met  its  opposite  and 
equal  DZ'^  at  the  middle  point  between  D  and  (7,  or  the  two 
shall  have  passed  each  other  as  seen  in  the  figure.  Now  these 
segments  cannot  but  so  increase  as  to  meet  in  the  middle  of 
D  (7  or  to  cross ;  for  the  interior  angles  at  1,  2,  3,  etc.,  are  less 
than  right  angles,  and  consequently  CI  exceeds  a  perpendic- 
ular from  C7  to  C"  1,  also  12  exceeds  a  perpendicular  from  1  to 
62,  and  so  on  successively.    Moreover  these  perpendiculars 
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themselves  snccessiyely  increase  in  magnitude,  because  they 
subtend,  successively,  larger  angles  C7(7'l,  152,  22^8,  etc.,  and 
from  the  extremities  of  successively  longer  sides  CI,  52,  2'8, 
etc.,  opposite  the  respective  right  angles,  as  is  shown  by  the 
construction.*  Therefore  neither  C711,  22,  3,  nor  any  suc- 
ceeding increment  of  OZ  or  DZ'  can  be  so  small  as  the  per- 
pendicular from  C7  to  C'l.  Let  SZ^  S' Z  be  the  two  equal 
perpendiculars  which  are  the  first  to  meet  or  pass  each  other. 
These  are  drawn,  by  construction,  from  the  extremities  of  a 
medial  line.  Thus,  it  follows,  there  can  be  drawn  from  a 
point,  TT,  of  their  meeting  and  crossing,  two  perpendiculars  to 
one  and  the  same  line,  which  is  impossible.  Therefore  it  is 
absurd  to  suppose  thaJb  any  right  angled  triangle^  or  any  tri- 
angle  whatever^  has  the  sum  of  its  angles  greater  than  two  right 
angles;  which  was  the  point  to  be  proved. 

PROPOSITION. 

Through  a  given  point  tJ^re  can  be  but  one  parallel  to  a  given  straight  line. 

Let  ^^  be  the  given  straight  line,  and  C  a  given  point. 
Through  0  draw  OF'  at  right  angles  to  CA,  a  perpendicular 
to  the  given  line.  Then  CF^  is  the  only  straight  line  through 
(7,  which  cannot  meet  AB, 

DEMONSTRATION. 

Let  there  be  any  straight  line,  as  CO,  drawn  through  (7, 
within  the  right  angle  at  that  point,  and  from  some  point  G 
therein  let  GF  he  &  perpendicular  to  OF,  Bisect  OF  in  /, 
and  raise  the  perpendicular  //,  meeting  GO  in  /.  In  FG,  pro- 
duced if  necessary,  take  FK  double  fl\  join  and  produce 
IKy  and  draw  IH  to  the  bisecting  point  between  F  and  K. 
Because  it  has  been  shown  that  the  right  angled  triangle  0/1 
cannot  have  its  three  angles  together  greater  than  two  right 
angles  they  must  either  be  together  equal  to  two  right  angles, 

*For  the  reentering  angles,  saccessiYely  diminish,  and  therefore  the  half  dif- 
ference between  each,  and  two  right  angles  increases;  also  C1>C'C,  and  mnch 
more,  M>C'C.  In  like  manner  2'2>61  and  so  on.  And  to  suppose  that  the 
same  or  a  less  perpendicular  can  subtend  the  same  given  angle  (and  much  more 
a  greater  angle)  at  a  greater  distance  fVom  the  angular  point,  may  easily  be  seen  to 
involve  the  absurdity  that  two  perpendiculars  to  the  same  line  may  be  drawn  ttom 
that  angular  point. 
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or  together  less  than  two.      If  the  latter,  then  will  FG  he 
greater  than  FK;  for  let  /  and  H  be  joined,  and  obviously 
the  triangle  fFH^  by  construction,  is  equal   and  similar  to 
(7/J,  and  therefore  has  the  sum  of  its  angles  less  than  two 
right  angles.    But  the  triangle  flH  cannot  have  more  than 
two  right  angles,  consequently  the  two  triangles  fFU^  flS^ 
which  together  constitute  the  quad- 
rilateral fFHI^  cannot  have  so  much 
as  four  right  angles,  and  therefore  the 
two  angles  flH^  FHI^  are  together 
less  than  two  right  angles.     But  from 
the    equality    of   the    perpendiculars 
/J,  jP-ff,  the  last  named  angles  are 
equal  to  one   another,  and  therefore 
each  is  less  than  a  right  angle.     Re- 
verse IH  upon  itself,  and  revolve  over 
HG  into  the  position  Ig,    Then,  be- 
cause   HlgzuIHG  exceeds   a  right 
angle,  it  will  lie  out  of  -ff//,  which 
has  been  proved  less;   and,  because 
fHG^  GIfy  are  the  supplements,  res- 
pectively, of  the  equal  angles  fHF^ 
Clf^  they  are  equal  to  one  another ; 
and  fHG  less  IHG^  or  the  angle 
/JET/,  is  less  than  GIf  diminished  by 
Hlf^  or  in  other  words,  than  the  an- 
gle HIG  =  IHg.   Consequently  IHg 
lies  outside  of  IHf^  and  the  apex  g 
lies  outside  of  the  triangle  IfH^  and 
Jg=zHGy  is  greater  than  //,  or  than 
its  equal  by  construction,  SK;  be- 
cause, if  /  and  g  were  joined,  the 
angle  Ifg  would  be  greater  and  the 
angle  Igf  less  than   a  right   angle. 
But  also  the  angle  IgH=iIGH  is  less  than  IfH;  by  which 
it  appears  that  IGB:+FfH=CGF+FCG  is  less  than  the 
two  angles  at  /  within  the  quadrilateral ;  that  is,  they  are  less 
than  a  right  angle.     Consequently  it  is  proven  that  if  the 
angles  of  C flare  together  less  than  tuoo  right  angles^  the  same 


44  A.   1IATHBMATIC8,   PHYSICS,   AND   CHEMISTRT. 

is  true  also  of  the  angles  of  CFG;  and  also  tJiat  HO  is  greater 
than  HKz=.fI,  From  /  drop  IL  a  perpendicular  \jo  AB^ 
then,  the  same  things  being  given,  the  angle  LIO^  must  lie 
within  the  angle  LIK.  And  yet  more,  if  necessary  or  de- 
sired^ let  the  perpendicular  F'Q^  be  raised  at  the  distance 
CF'=2CF,  and  F'lP  be  taken  twice  FK^  then  the  same 
things  given,  and  the  line  IIP  being  drawn,  it  may  in  like 
manner  be  shown  that  if  CG  produced  will  meet  the  perpen- 
dicular in  G\F'  G*  must  be  greater  than  twice  FG^  and  much 
more  be  greater  than  twice  FK^  and  that  LIG'  would  lie 
within  the  angle  LIE! ;  but  if  CG  produced  cannot  meet 
F*K*  produced,  then  much  more  must  the  angle  LIO  lie 
within  LIK'.  And  still  again,  if  another  perx>endicular  F'  K" 
be  supposed,  the  double  of  FK'^  and  raised  at  a  supposed 
distance  CF'  twice  that  of  CF^  and  meeting  CI  produced  in 
G"^  then  will  F"  G"  be  more  than  twice  F'  (r',  and  so  on  in- 
definitely, and  the  same  things  may  be  proven  as  before. 

It  follows  from  all  the  above  that  if  the  line  CI  produced 
passes  through  JT,  then  the  three  angles  of  Cfl  are  not  less 
than  two  right  angles.  But  they  cannot  be  greater  and  must 
therefore  equal  two  right  angles.  And,  in  fact,  it  will  readily 
be  seen,  ex  converso^  that  if  the  angles  of  Cfl  are  equal  to 
two  right  angles,  then  CI  produced  must  pass  though  JT,  and 
also  through  if,  E'j  etc.,  indefinitely,  and  must  meet  the  line 
AB.  To  prove  this  join  fHj  then  the  triangle  fFH  by  its 
construction  is  every  way  equal  and  similar  to  C//,  and  its 
angle  at  H  being  complementary  to  its  angle  at  /  is  equal  to 
the  angled//,  which  is  complementary  to  the  same, — where- 
fore (Euc.  1.  4.)  the  triangles  fHF^  Hfl^  have  their  third 
sides  equal  to  each  other  and  to  Cf  and  also  the  angle  at  I 
equal  to  the  right  angle  at  F^  and  also  the  two  angles  at  H^  or 
FHI^  a  right  angle ;  and  IF  is  a  rectangle.  Consequently, 
also,  the  two  triangles  IHK^  Cfl^  having  the  angles  at  H 
and  /  right  angles,  and  the  sides  HK  and  //  equal  by  oon- 
Btruction,  and  the  sides  IH^  Cf  equal,  are  equal  and  simi- 
lar triangles  —  wherefore  the  three  angles  at  I  together  make 
two  right  angles,  and  CIK  is  one  straight  line,  and  the 
angles  of  CFK  are  together  two  right  angles.  And  in  like 
manner  may  the  same  be  proven  of  the  triangle  CF  K'^  and  of 


XATHE1IATIC6.  45 

the  supposed  triangle  CF"K"y  and  bo  on  indefinitely.  Take 
in  CA  produced  the  distances  (71,  (72,  C3,  equal,  respec- 
tively to  /J,  FKy  F'E?  and  so  on,  —  each  being  double  of 
the  preceding,  tiU  Cn  is  found  a  greater  than  0-4,  and  join 
/I,  Jr2,  K'^^  and  so  on.  In  the  same  manner  fis  IF  was 
proven  a  rectangle  may  /I  be  proven  to  be  the  same,  and 
also,  consecutively,  JP2,  i^'3,  and  so  on  indefinitely  for  suc- 
cessive perpendiculars  to  2)-4,  each  of  which  is  met  by  CI 
produced,  till  finally  the  perpendicular  Zn  is  proven  to  be 
met,  as  in  Z,  by  the  same.  But  AB  cannot  meet  Zn^  for  if 
so  it  would  form  with  it  and  the  segment  -4/1  a  triangle  whose 
angles  were  together  greater  than  the  two  right  angles.  Conse- 
quently (7/ produced  wiU  meet  AB.  Hence  it  has  been  dem- 
onstrated that  if  CI  produced  passes  through  K  it  will  meet 
AB;  and  it  has  before  been  shown  that  if  it  does  not  pass 
through  Kit  will  pass  at  some  angle  LIG  within  LIK^  and 
consequently  much  more  will  it  meet  AB.  Therefore  it  will 
meet  AB  whether  it  does  pass  or  floes  not  pass  through 
K.  But  CI  or  CO  is  any  line  whatever  that  makes  an  inner 
angle  at  C  with  CF.  And  if  that  inner  angle  is  made  on  the 
opposite  side  from  0,  the  line  must,  if  produced,  meet  AB  on 
that  side,  as  already  proved  for  the  side  towards  0.  But  CF^ 
cannot  meet  on  either  side ;  for,  if  so  meeting,  it  would  form 
with  AB  and  AC  b,  triangle  having  its  angles  together  in 
excess  of  two  right  angles,  which  is  absurd.  Consequently 
CF'^  which  cannot  itself  meet  AB,  is  the  only  line  through  C 
that  cannot  so  meet : — which  was  to  be  demonstrated. 


2.  On  thb  Construction  op  three  Maps  of  Europe,  France, 
AND  North  Aiierica,  in  the   Gnomonio   Projection, 

WITH  A  VIEW  to  the  DISTRIBUTION  OP   MINERAL  WeALTH 
AND    THE    STUDY    OP   THE    EaRTH'S    FiGURE.       By    FeLIX 

Foucou,  Madison,  Wise. 

I  have  the  honor  to  present  to  the  American  Association 
the  formula  and  calculations  relating  to  a  set  of  maps  in  the 
gnomonic  projection,  in  the  construction  of  which  I  have  been 
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engaged  about  four  years.  In  such  a  system  of  projection, 
the  surface  of  a  country  is  developed  upon  a  plane,  tangent  to 
the  terrestrial  spheroid  at  the  centre  of  the  said  country ;  all 
the  points  of  the  map  are  determined  by  the  intersection  of 
that  plane  with  the  radii  of  the  sphere.  The  result  of  it  is 
that  every  grand  circle  is  represented  as  a  straight  line.  So 
the  eye  is  able  to  discover  at  a  glance,  whether  the  line  which 
connects  several  points  of  geographical  or  geological  import- 
ance, is  or  is  not  a  grand  circle  of  the  earth.  The  practical 
superiority  of  these  maps  over  all  others  now  used  lies  in  the 
fact,  that  on  the  latter  ones  every  grand  circle  is  represented 
by  a  curve  line,  which  can  be  determined  only  by  a  graphical 
construction,  or  a  series  of  calculus  operations  which  involve  a 
loss  of  time,  and  sometimes  chances  of  mistake. 

Finally,  the  practical  value  of  the  gnomonic  projection  is  to 
guide  more  surely  the  mining  operations  and  the  geographical 
studies,  as  it  is  well  ascertained  that  many  grand  circles  of  the 
earth  are,  altogether,  the  lines  of  dislocation  of  the  earth's 
crust  and  the  belt  of  mineral  wealth  of  similar  origin.  Such 
a  relation  is  fully  illustrated,  both  in  Europe  and  America,  by 
recent  discoveries  of  metallic  mines  and  mineral  springs,  and 
by  the  close  study  of  the  main  features  of  the  two  continents. 
However  it  must  be  understood  that  I  engaged  myself  in  the 
construction  of  gnomonic  maps,  not  in  order  to  advocate  any 
theory  of  the  figure  of  the  earth,  but  to  collect  facts  and  com- 
pare them  more  easily  than  it  is  possible  to  do  it  with  the 
actual  systems  of  projection ;  these  systems  are  excellent  for 
several  purposes,  and  we  must  keep  them ;  but  they  require  a 
complementary  one,  which  is  the  gnomonic  or  radiated  system. 

A  map  of  Europe,  about  forty  square  feet  large,  is  quite 
finished  since  January  last,  and  will  be  engraved  in  order  to 
represent  the  geological  structure  of  that  continent.  The 
original  sheet  is  in  Paris  (France),  and  will  be  brought  to 
America  as  soon  as  the  work  of  engraving  is  completed. 

At  the  same  time,  my  assistant  is  engaged  in  the  drawing  of 
a  special  map  of  France,  measuring  about  ten  square  feet,  and 
a  preliminary  map  of  North  America,  of  about  the  same  size. 

The  formulas  which  have  been  used  are  new  and  simple; 
they  require  but  the  knowledge  of  elementary  mathematics, 
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and  are  calculable  by  logarithms.  The  calculations  are  to  de- 
termine the  meridians  by  their  distance  from  an  axis,  and  the 
parallels  by  their  intersections  with  each  meridian.  The  ibr- 
mula  relating  to  the  meridians  is 

d=z  It  tang  I  COB  L' 

R  being  the  radius  of  the  sphere,  I  the  longitude  of  the  me- 
ridian, L'  the  latitude  of  the  centre  of  the  map,  which  centre 
is  the  point  of  tangence  of  the  sphere  with  the  plane  of  projec- 
tion ;  d  is  the  distance  between  the  same  centre  and  the  point 
where  the  meridian  intersects  the  axes  of  the  map,  which  4xis 
is  the  meridian  of  the  Centre. 
The  formula  relating  to  the  parallels  is 

R  cos  A  COB  g  tang  I 

Bin  (A  +  *) 

R  being  the  radius  of  the  sphere,  I  the  longitude  of  the  meri- 
dian, k  the  latitude  of  the  parallel,  d  and  W  two  auxiliary 
angles,  and  x  the  distance  between  the  axis  of  the  map  and 
the  intersection  of  each  meridian  with  each  parallel. 

The  geographical  drawing  has  been,  and  is  still,  actually 
performed  in  Paris,  with  the  prospect  of  being  subsequently 
pursued  in  the  United  States,  and  I  will  not  fail  to  let  the 
American  Association  know  the  progress  of  the  work  and  its 
practical  applications  to  the  art  of  Mining  and  the  Science  of 
Geography.  , 


II.   MECHANICS. 

1.  The  Laws  of  the  Deflection  of  Beaks  exposed  to  a 
Transverse  Strain,  tested  by  Experiment.  By  W.  A. 
Norton  of  New  Haven,  Conn. 

I  propose,  on  the  present  occasion,  to  communicate  the 
principal  results  of  a  series  of '  experiments  made  with  an 
apparatus  which  I  devised  for  the  purpose  of  testing  the  theo- 
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retical  laws  of  the  deflection  of  beams  exposed  to  a  transverse 
strain. 

[The  apparatus  was  described  in  detail  with  the  aid  of  sev- 
eral large  diagrams.  The  following  description  will  suffice  to 
give  an  accurate  idea  of  its  essential  features.] 

It  may  be  regarded  as  consisting  of  three  different  portions, 
viz. :  (1)  that  which  supports  the  stick  to  be  experimented 
on ;  (2)  that  which  applies  and  measures  the  strain ;  (3)  that 
which  measures  the  deflection  produced.  The  supporting  appa- 
ratus consists  of  two  skeleton  iron  tables,  each  of  which  is  a 
rectangular  wrought  iron  frame,  two  and  three-fourths  feet  long 
by  two  feet  broad,  resting  at  the  four  comers  upon  cast-iron 
legs  two  and  a  half  feet  high.  The  longitudinal  bars  of  this 
frame  are  one  inch  broad  by  two  inches  deep.  These  tables 
are  placed  lengthwise  on  the  same  line,  say  a  north  and  south 
line,  and  one  fbot  four  and  a  half  inches  apart.  Each  of  them 
supports  a  transverse  sliding  frame  composed  of  two  wrought 
iron  bars,  one  inch  by  two  inches,  placed  four  inches  apart,  and 
formed  at  the  ends  into  two  sliding  saddle  pieces  that  rest  upon 
the  longitudinal  bars  of  the  table-frame.  These  sliding  frames 
can  be  set  at  any  distance  apart,  from  two  feet  to  six  feet. 
Upon  each  of  them  rests  an  iron  plate  five-eighths  of  an  inch 
thick,  and  fitted  by  grooves  to  the  two  iron  bars,  so  as  to  be 
movable  in  the  direction  of  their  length,  or  crosswise  to  the 
lengths  of  the  tables.  Upon  these  plates  rest  two  cast-iron 
supports,  each  consisting  of  an  upright  pillar,  one  and  one- 
eighth  inches  square  in  cross  section  and  twelve  inches  high, 
connected  at  the  bottom  with  a  plate  that  is  supported  by  four 
leveling  screws  upon  the  sliding  plates  just  described,  and  at 
the  top  with  a  plate  five  inches  long  (crosswise  to  the  table- 
frames),  two  and  one-eighth  inches  broad  and  five-eighths  of 
an  inch  thick.  The  nearer  edges  of  the  top  plates  of  these 
upright  supports  are  beveled  off,  so  as  bring  them  imme- 
diately over  the  pillars.  The  stick  experimented  on  rests 
immediately  on  these  iron  plates,  and  its  effective  length  is  the 
distance  between  their  nearer  edges. 

The  mechanical  contrivance  for  applying  the  strain  to  the 
stick,  like  the  supporting  apparatus  just  described,  is  wholly 
made  of  iron,  and  consists  of  an  upright  screw,  turning  by 


MECHANICS.  49 

means  of  female  screws  in  two  horizontal  plates  fastened  at 
their  four  comers  to  upright  colunms.  These  columns  are 
firmly  connected  with  an  iron  bed  plate,  which  is  placed  be- 
tween the  table  supports  above  described  and  securely  fastened 
to  the  floor^joists  by  long  screw-bolts.  The  screw-head  is  con- 
nected by  intermediate  pieces  with  an  iron  stirrup  that  rests 
crosswise  upon  the  stick.  There  is  a  special  arrangement, 
which  cannot  well  be  described  here,  by  which  these  interme- 
diate pieces  are  made  to  move  in  a  truly  vertical  direction, 
and  not  partake,  in  any  degree,  of  the  revolving  motion  of  tha 
screw.  One  of  the  intermediate  pieces  referred  to,  is  a  Fair- 
bank's  Spring  Dynamometer  (essentially  the  same  as  Regnier's). 
The  circular  dial-plate  reads  from  one  pound  to  one  thousand 
pounds.  By  means  of  the  screw  a  power  of  one  thousand 
pounds  can  be  applied  to  the  stick ;  but  in  the  experiments  the 
strain  was  in  no  instance  carried  higher  than  five  hundred 
pounds. 

The  apparatus  for  measuring  the  deflection  produced,  con- 
sists of  a  brass  lever  of  two  arms,  each  five  incheii  long,  one 
end  of  which  is  depressed  by  the  middle  of  the  bent  stick,  and 
the  equal  rise  of  the  other  is  measured  by  a  micrometer-screw. 
This  micrometerfscrew  reads  to  one  ten?thousandth  of  an  inch. 
The  lever  is  placed  crosswise  to  the  length  of  the  stick  and 
opposite  its  middle.  It  passes  through  a  vertical  slot  in  the 
iron  stirrup  that  rests  upon  the  middle  of  the  stick,  and 
presses  by  a  blunt  steel  knob  against  the  under  side,  the  far- 
ther end  of  the  lever  being  made  slightly  heavier  than  the 
other,  so  as  to  secure  a  moderate  pressure.  The  arrangement 
for  supporting  the  lever  consists  of  a  wooden  strip  six  and 
a  half  feet  long,  two  and  three-eighths  inches  deep,  and  one-half 
inch  thick,  sliffened  along  the  top  by  a  strip  of  brass.  This  is 
secured  to  the  pillars  of  the  two  upright  supports,  by  clamping 
pieces,  which  firmly  hold  it  at  a  distance  of  five  inches  from  th^ 
centres  of  the  pillars  and  parallel  to  the  length  of  the  stiok. 
Upon  this  supporting  strip  rests  a  sliding  saddle-piece,  haying 
a  small  flat  plate  on  the  top,  and  adjustable  by  horizontal 
screws  that  pass  through  its  vertical  side  plates  and  press 
against  the  vertical  sides  of  the  wooden  strip.  Upon  the  top 
plate  of  this  saddle-piece  rests,  by  means  of  four  leveling 
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screws,  another  small  plate,  upon  wMch  the  knife-edge  of  the 
lever  immediately  rests.  From  the  vertical  side-plate  of  the 
saddle-piece  that  is  farthest  from  the  stick,  extends  a  small 
horizontal  bar,  six  inches  long.  This  lies  directly  under  the 
farther  half  of  the  lever.  Near  its  farther  end  the  micrometer- 
screw  passes  through  it  from  below  upward,  and  touches  the 
under  side  of  the  lever,  at  a  distance  of  five  inches  from  the 
knife-edge  support.  The  contact  of  its  rounded  point  with  the 
lever  is  observed  with  a  microscope.  The  screw-head,  adapted 
to  the  lower  end  of  the  screw,  is  two  inches  in  diameter.  Its 
outer  vertical  edge  is  silvered,  and  graduated  to  read  to  thou- 
sandths of  an  inch ;  but  a  small  vertical  wire  fastened  to  the 
bar  above  it,  past  which  the  screw-head  moves,  subdivides  the 
smallest  space  on  the  graduation,  so  as  to  make  it  possible  to 
read  to  the  one  ten-thousandth  of  an  inch.  Since  the  knife- 
edge  of  the  lever  is  at  the  same  distance  from  the  point  of  con- 
tact with  the  upper  end  of  the  micrometer-screw  and  from  that 
with  the  middle  of  the  under  side  of  the  stick,  the  micrometer 
readings  are  the  linear  deflections  of  the  middle  of  the  stick.  It 
will  be  observed  that  the  depressions  of  the  knob  of  the, lever 
under  the  middle  of  the  stick,  will  be  the  actual  deflections ; 
since  the  support  of  the  fhlcrum  of  the  lever  is  firmly  con- 
nected with  the  upright  supports  of  the  stick,  and  wiU  par- 
take of  any  depression  that  they  may  experience  fh>m  any 
settling  of  the  apparatus  under  the  action  of  the  force  that 
produces  the  deflection.  It  may  be  remarked  here  that  it  was 
ascertained,  by  an  independent  set  of  experiments,  that  the 
actual  depression  of  the  apparatus  was  very  small ;  only  from 
two  to  three-thousandths  of  an  inch  for  every  one  hundred 
pounds  of  pressure. 

The  manner  of  conducting  the  experiments  will  be  readily 
understood.  The  inner  edges  of  the  top  surfaces  of  the  up- 
right supports  upon  which  the  stick  is  to  rest,  are  set  at  a  dis- 
tance apart  equal  to  the  proposed  eflTective  length  of  the  stick ; 
either  two  feet,  four  feet,  or  six  feet.  These  surfaces  are  care- 
frilly  leveled  and  adjusted  to  the  same  horizontal  plane.  The 
lower  plates  of  the  upright  supports  are  firmly  clamped  to  the 
sliding  frames  on  which  they  rest,  by  portable  clamps.  The 
stick  is  then  put  in  its  place,  the  iron  stirrup  placed  cross- 
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"Wise  upon  its  middle,  and  connected  by  a  sliding  bolt  and  key 
with  the  upper  end  of  the  closed  spring  of  the  dynanometer. 
Th^  apparatus  for  measuring  the  deflections  is  also  leveled  and 
adjusted.  The  screw  is  then  slowly  turned  until  the  index  of 
the  d3manometer  indicates  one  hundred  pounds,  two  hundred 
pounds,  or  any  other  force  of  pressure  it  is  proposed  to  apply, 
and  the  reading  of  the  micrometer-screw  indicates  the  linear 
deflection  of  the  middle  of  the  stick  produced  by  the  pressure 
applied. 

The  experiments  were  made  upon  white  pine  sticks  of  vari- 
ous lengths,  from  two  feet  to  six  feet,  and  various  breadths 
and  depths,  from  one  inch  to  four  inches.  The  results  are 
derived  from  the  means  of  a  large  number  of  experiments. 
As  an  additional  test  the  experiments  were  repeated  upon  a 
second  set  of  sticks. 

The  received  theoretical  formula  for  the  deflection  of  beams 
of    a   rectangular  cross   section  of    uniform   dimensions,  is 

/=  w  £^    in  which  m  is  a  constant,  P  the  power  applied,  E 

the  modulus  of  elasticity,  I  the  length,  b  the  breadth,  and  d  the 
depth  of  the  stick.  For  the  case  of  a  beam  resting  freely  on 
two  supports  and  loaded  in  the  middle,  to  which  the  experi- 

ments  were  entirely  confined,  this  becomes /=  t]^.     If  this 

formula  be  correct,  then  the  following  laws  must  be  true. 

(1).  The  deflection  is  directly  proportional  to  the  pres- 
sure. 

(2).  It  is  inversely  proportional  to  the  breadth. 

(3).  It   is    inversely   proportional    to    the    cube    of   the 

depth.  . 

(4).  It  is  directly  proportional  to  the  cube  of  the  length. 

We  will  now  compare  each  of  these  laws  with  the  experi- 
mental results  obtained. 

First  Law,  The  deflection  is  directly  proportional  to  the 
pressure.  The  following  table  contains  a  few  of  the  results 
that  serve  to  test  this  law.  The  first  three  columns  give  the 
lengths,  breadths,  and  depths  of  the  sticks,  and  the  last  column 
gives  the  difl*erences  between  the  deflections  produced  by  the 
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two    pressures    giyen  in  the    column   headed    Difference  of 
Pressures. 

The  deflections  for  the  first  one  hundred  pounds  of  pressure 
are  not  included,  for  the  reason  that  there  is  more  liability  to 
error  in  observing  the  absolute  deflection  than  in  observing  the 
increments  of  deflection  produced  by  each  one  hundred  pounds 
of  augmented  pressure,  starting  from  a  pressure  of  one  hun- 
dred pounds.  The  actual  results  for  the  first  one  hundred 
pounds  are  given,  for  comparison,  at  the  bottom  of  the  table. 

TABLE    I. 


sucks. 

Diir.  of  Pressures. 

Diif.  of  Deflections. 

Length. 

Breadth. 

Depth. 

in. 

2  ft. 

4  in. 

2  in. 

100  lbs.  to  200  lbs. 

0.0114 

it 

t< 

(( 

200  "   "  aoo  " 

0.0102 

It 

41 

II 

300    "     "400    " 

0.0000 

« 

tl 

It 

400    «     "600    " 

0.0090 

4  ft. 

2  in. 

Sin. 

100    "     "  200    " 

0.0459 

«t 

i< 

tl 

200    "     «*  300    " 

0.0160 

2  ft. 

Sin. 

2  in. 

100    "     "  200    " 

0.0150 

u 

« 

" 

200    "     "  SOO    " 

0.0185 

u 

i< 

tl 

800    "     "400    " 

0.0127 

2ft. 

2  in. 

Sin. 

100    "     "  200    " 

0.0088 

« 

<t 

u 

200    "     "800    " 

0.0084 

<< 

i< 

II 

300    "     «400    " 

O.008O 
in. 

2  ft. 

4  in. 

2  in. 

0  lbs.  to  100  lbs. 

0.0119 

4" 

2  " 

8  « 

ft      tt       <i 

0.0477 

2" 

3  " 

2" 

ft      ft       ft 

0.0164  • 

2  " 

2  " 

3  " 

If      it       f< 

0.0002 

The  following  table  gives  the  deflections  for  one  hundred 
pounds,  two  hundred  pounds,  three  hundred  pounds,  &c., 
pressure : 
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TABLE    II. 


Sticks. 

FresBurefl. 

Deflections. 

Length. 

Breadth. 

Depth. 

in. 

2ft 

4  in. 

2  in. 

100  lbs. 

0.0110 

(4 

II 

II 

200  " 

0.0233 

«t 

II 

11 

800  " 

0.0335 

ii 

II 

II 

400  " 

0.0426 

tt 

II 

II 

500   " 

0.0516 

4  ft. 

2  in. 

Sin. 

100   " 

0.0477 

« 

(1 

a 

200   " 

0.0986 

l( 

II 

II 

800   " 

0.1396 

2ft. 

Sin. 

2  in. 

100   " 

0.0164 

(i 

II 

II 

200   « 

0.0323 

it 

II 

i< 

800   " 

0.045S 

u 

II 

II 

400   " 

0.058S 

2ft. 

2  in. 

Sin. 

100   " 

0.0092 

4< 

II 

II 

200   " 

0.0181 

t( 

II 

u 

300  " 

0.0264 

II 

II 

11 

400   " 

0.0344^ 

It  appears  from  the  results  given  in  tables  i.  and  ii,  that  the 
deflection  is  approximately  proportional  to  the  pressure ;  bat 
strictly  speaking  increases  according  to  a  less  rapid  law.  The 
probable  explanation  of  this  descrepancy  between  theory  and 
fact,  is  that  as  the  force  of  pressure  increases  the  neutral  axis 
of  the  cross  section  of  the  stick  shifts  its  position,  and  its 
distance  from  the  centre  of  gravity  of  the  cross  section  aug- 
ments as  the  pressure  becomes  greater.  From  this  cause  the 
moment  of  the  resistance  to  flexure  increases  indirectly  with 
the  pressure,  at  the  same  time  that  it  increases  directly  from 
the  augmented  strains  of  the  fibres.  The  increased  moment 
of  resistance  to  flexure  resulting  from  this  shifting  of  the  neu- 
tral axis,  should  be  attended  with  a  diminished  increment  of 
deflection  for  the  same  increment  of  pressure. 
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Second  Law.    The  deflection  is  inversely  proportional  to  the 
breadth.    Table  in.  wiU  serve  to  test  this. 


TABLE    III. 


sticks. 

Obs.  Deflection 
for  100  lbs. 

Cal.  Deflection 
for  100  IbB. 

Difference. 

Ratios 
of  Error. 

Length. 

Br'dth. 

Depth. 

in. 

in. 

2  ft. 

lin. 

3  in. 

0.0423 

0.0423 

in. 

« 

« 

0.0106 

0.0211 

+  0.0016 

1-12 

it 

II 

0.0147 

0.0141 

~  0.0006 

1-24 

It 

li 

0.0106 

0.0106 

0.0000 

4  ft. 

II 

0.2858 

0.2858 

tt 

II 

0.1200 

0.1429 

+  0.0229 

1-5 

u 

8  *^ 

II 

0.0083 

0.0962 

—  0.0081 

1-SS 

It 

4  <* 

II 

0.0624 

0.0714 

+  0.0090 

1-7 

The  nambers  in  the  column  of  calculated  deflections  are 
obtained  by  assuming  the  observed  deflection  for  the  smallest 
breadth  (one  inch),  and  computing  the  deflection  for  the  other 
breadths  on  the  supposition  that  it  is  inversely  proportional  to 
the  breadth.  The  last  column  gives  the  ratios  of  the  diflfer- 
ences  between  the  observed  and  calculated  deflections,  given  in 
the  preceding  column,  to  the  observed  deflections.  The  ob- 
served deflections  answer  to  an  increase  of  pressure  from  one 
hundred  pounds  to  two  hundred  pounds,  or  two  hundred  pounds 
to  three  hundred  pounds.  It  will  be  seen  that  the  errors  are 
some  plus  and  others  minus,  and  that  the  ratios  of  error  are 
small  fractions.  They  are,  however,  too  great  to  be  attributed 
entirely  to  errors  of  observation ;  but  not  greater  than  may 
reasonably  be  ascribed  to  differences  in  the  moduli  of  elasticity 
of  the  different  sticks,  and  to  the  greater  shifting  of  the  neu- 
tral axis  in  the  case  of  the  sticks  most  strained,  in  connec- 
tion with  possible  errors  of  observation. 

TJiird  Law.  The  deflection  is  inversely  proportional  to  the 
cube  of  the  depth. 

It  soon  became  evident,  in  the  course  of  the  experiments, 
that  this  law  could  not  be  regarded  as  even  approximately 
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true,  except  in  the  cases  of  sticks,  or  beams,  whose  length 
bore  a  high  proportion  to  their  depth.  The  following  com- 
parisons of  observed  with  calculated  deflections  will  show  that 
it  fails  in  the  case  of  sticks  two  feet  in  length. 


TABLE    lY. 


sticks. 

RaUos 
ofbd" 

Obs.  Defleo. 

Ga].  Deflec. 

Diff. 

Ratios 
of  Error. 

Length. 

Br*dth. 

Depth. 

lto4 
ItoSi 

in. 
0.14U 

0.0123 

0.0U7 

0.db84 

in. 
0.0363 

0.006S 

in. 
—0.0070 

—0.0019 

3  ft. 
2  " 
2   " 
9  *♦ 

Sin. 
1   " 
S  «* 
9  ♦* 

lin. 
9   " 
2    u 

8   " 

1^ 

1-4.4 

TABLE    V. 


StfckB. 

Batlos 
ord» 

Obs.  Deflec. 

Cal.  Defleo. 

Diff. 

Ratios 
of  Error. 

Length. 

Br'dth. 

Depth. 

}to  8 
Ito  27 

in. 
0.1414 

0.0195 

0.0084 

In. 
0.0177 

0.0002 

—  0.0018 

—  0.0082 

3  ft. 

ti 

9  In. 

M 

lin. 

2  " 

3  " 

1-11 
1-2.6  • 

The  calculated  axe  all  less  than  the  observed  deflections. 
The  same  is  true  when  sticks  of  greater  length  than  two  feet 
are  taken,  but  the  errors  are  smaller  in  proportion  as  the  length 
is  greater.  It  appears,  therefore,  that  the  deflection  decreases 
according  to  a  less  rapid  law  than  the  inverse  cube  of  the 
depth. 

Fourth  Law,  The  deflection  is  directly  proportional  to  the 
cube  of  the  length. 

The  experiments  show  that  this  law  fails,  as  well  as  the  third. 
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TABLE    VI. 


Sticks. 

Batios 

Obs.  Deflec. 

Cal.  Deflec. 

Dlff. 

Ratios 
of  Error. 

Length. 

Br>dtb. 

Depth. 

in. 

2  ft. 

2  in. 

2  in. 

0.0196 

in. 

in. 

4   " 

2    " 

2  " 

lto8 

0.1200 

0.1560 

+  0.0960 

1-3.8S 

2   " 

8  " 

0.0064 

2   " 

8  " 

lto8 

0.0460 

0.0672 

+  0.0212 

1-2 

8   *• 

2   " 

0.0147 

8   " 

2   " 

lto8 

0.0063 

0.1176 

+  0.0193 

1^ 

2    " 

4   " 

2   « 

0.0106 

4   " 

4   " 

2   " 

lto8 

0.0624 

0.0848 

+  0.0224 

1-2.8 

We  may  conclade,  from  these  results,  that  the  deflection  in- 
ci*eases  according  to  a  less  rapid  law  than  the  cube  of  the 
length  of  the  stick.  We  have  already  seen  that  it  decreases 
in  a  less  rapid  proportion  than  the  inverse  cube  of  the  depth. 
It  follows,  therefore,  that  the  true  formula  for  the  deflection 
probably  contains  at  least  one  additional  term,  which  varies 
less  rapidly  than  as  the  cube  of  the  length  directly  and  the 
cube  of  the  depth  inversely ;  or  in  other  words,  contains  I  in  the 
numerator,  and  d  in  the  denominator,  each  raised  to  a  lower 
power  than  the  cube.  Now,  if  we  consider  attentively  the 
changes  that  must  occur  in  the  relative  positions  of  the  mole- 
cules within  a  stick  or  beam,  when  it  is  subjected  to  a  cross 
strain,  we  may  perceive  that  a  cause  of  deflection  exists  which 
has  hitherto  been  disregarded,  or  deemed  too  insignificant  in 
its  efiects  to  be  taken  into  account. 

It  is  plain  that  when  a  stick,  or  beam,  of  a  uniform  rec- 
tangular cross  section,  resting  on  two  supports,  is  loaded  at 
its  middle,  a  vertical  force  equal  to  one  half  the  weight  is 
transmitted  to  each  support,  by  the  slipping  of  each  vertical 
section,  or  lamina,  upon  the  next,  until  a  vertical  force  of  re- 
sistance is  called  into  play  equal  to  half  the  weight.  As  each 
section  must  transmit  this  same  force  to  the  next,  the  slip- 
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ping  of  one  section  upon  another  must  be  the  same  from  the 
middle  to  the  end.  The  section  at  the  middle  will  be  directly 
depressed,  from  this  cause,  by  an  amount  equal  to  the  sum 
of  all  these  displacements  that  occur  between  the  middle  and 
the  end,  or  to  any  one  displacement  multiplied  by  the  number 
of  sections,  or  indefinitely  thin  laminse,  in  this  interval.  This 
depression  should,  then,  be  directly  proportional  to  the  half- 
length,  or  length  of  the  stick.  If  we  compare  sticks  of  the 
same  length  but  different  cross  sections,  the  number  of  fibres 
that  are  subjected  to  this  cross  strain,  or  the  number  of  mate- 
rial points  in  each  cross  section  whose  vertical  resistance  will 
be  called  into  operation  by  the  slipping  of  this  section  upon 
the  next,  will  be  proportional  to  the  area  of  the  cross  section^ 
and  hence  the  amount  of  the  relative  sliding  displacement  will 
be  inversely  proportional  to  this  area.  It  will  be  seen,  then, 
that  the  sinking,  or  linear  defiection  of  the  middle  of  the  beam, 
thus  directly  resulting  from  the  slipping  of  contiguous  vertical 

sections,  may  be  represented  by  the  expression  c  -^ ;  in  which 

P  is  the  load,  I  the  length,  b  the  breadth,  and  d  the  depth  of 
the  beam,  and  O  a  constant  that  must  be  determined  by  exper- 
iment. 

The  theoretical  deflection  given  by  the  formula  which  has 
been  under  discussion,  is  due  to  longitudinal  strains  on  the 
fibres,  indirectly  resulting  from  the 
same  slipping  of  contiguous  sec- 
tions. If  ab  and  cd  represent  two 
vertical  cross  sections,  indefinitely 
near  to  each  other,  of  which  ab  is 
nearest  the  middle  of  the  beam, 
the  transmission  of  the  action  of 
the  half-weight  will  cause  ab  to 
slip  relatively  to  cd  until  a  ver- 
tical resisting  force  comes  into  op- 
eration equal  to  the  half-weight; 
and  the  rectangle  abed  will  take 
the  form  of  the  oblique  parallel- 
ogram, a'b'&d'.     The    diagonal   ac  will    therefore  be  short- 


ened, and  bd  lengthened. 
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Accordingly  a  strain  of  compression 
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will  come  into  operation  along  a'd^  and  a  strain  of  extension 
along  h'dl.  The  reactions  to  these  strains  will  take  place,  along 
dd  from  the  middle  o  toward  a',  and  from  o  toward  c',  and 
along  h'd!  from  h  toward  o,  and  from  d'  toward  o.  As  a  con- 
sequence the  points  a',  and  d',  will  be  urged  by  equal  forces 
toward  the  left,  or  toward  the  middle  of  the  beam,  and  the 
points  h'^  d^  by  the  same  forces,  toward  the  right.  The  sum  of 
the  first  two  forces  will  then  be  a  longitudinal  strain  of  com- 
pression on  the  upper  fibre,  and  the  sum  of  the  last  two  an 
equal  strain  of  extension  on  the  lower  fibre.  It  will  be  ob- 
served that  the  strains  here  considered  as  confined  to  the 
upper  and  lower  fibres,  are  actually  distributed  over  all  the 
fibres  above  and  below  the  middle  fibre  of  the  beam. 

The  conclusions  here  arrived  at  with  regard  to  one  indefi- 
nitely small  rectangle  ohcd^  will  be  equally  true  of  any  other 
that  may  be  considered  between  the  middle  and  end  of  the 
beam;  and  the  same  longitudinal  strains  will  be  developed 
by  the  slipping  of  contiguous  sections,  in  each  rectangle. 
The  entire  longitudinal  strains  on  the  fibres,  at  the  middle,  will 
then  be  the  sum  of  the  individual  strains  developed  in  all  the  • 
rectangles  of  the  half  length  of  the  beam.  The  ordinary  equa- 
tion of  equilibrium  of  a  beam  may  be  readily  made  out  from 
the  present  point  of  view ;  but  we  have  now  only  to  consider 
the  matter  of  deflection.  It  will  be  seen  that  the  movements, 
to  the  left  and  right,  of  the  angular  points  of  the  parallelo- 
gram a'h'dd'^  that  have  been  signalized,  will  be  attended  with 
a  turning  of  the  whole  parallelogram  from  right  to  left  around 
its  centre  o.  The  direct  tendency  to  rotation  will  be  the  same 
for  each  parallelogram  of  the  half  length  of  the  beam,  but  owing 
to  the  propagation  of  the  longitudinal  strains  on  the  fibres 
developed  at  each  parallelc^am,  from  the  end  to  the  middle, 
the  actual  compressions  and  elongations  will  be  greatest  at  the 
middle,  and  the  actual  rotation  of  the  parallelc^am  there  will 
be  the  greatest.  The  deflection  consequent  upon  the  elonga- 
tions and  compressions  of  the  fibres,  is  the  Joint  result  of  the 
rotary  movements  of  all  the  parallelograms  in  the  half  length 
of  the  beam ;  and  it  is  represented  by  the  formula  which  has 
been  under  discussion. 

It  would  seem,  then,  that  the  true  theory  of  deflection  con 
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ducts  to  the  following  formula,  in  the  special  case  of  a  beam 
resting  on  two  supports  and  loaded  in  the  middle. 


bd    '     IBbd* 

Let  US  now  proceed  to  compare  this  formula  with  our  exper- 
imental results.  For  this  purpose  we  will  determine  the  values 
of  the  two  constants  G  and  E  for  each  individual  stick,  and 
compare  the  several  values  obtained.  If  the  formula  be  cor- 
rect, the  different  sticks  all  in  precisely  the  same  mechanical 
condition,  and  the  experiments  perfectly  accurate,  we  should 
get  the  same  values  for  these  constants  in  the  case  of  each 
stick.  But  the  experiments  are  liable  to  more  or  less  of  error, 
and  the  sticks  may  differ  materially  from  one  another  in  their 
mechanical  condition;  and  even  where  they  do  not,  as  the 
actual  deflections  experienced  are  so  different  with  sticks  of 
different  dimensions,  any  changes  in  the  values  of  the  constants 
that  may  result  from  the  shifting  of  the  position  of  the 
neutral  axis,  under  the  operation  of  the  strains,  should  differ 
more  or  less.  The  derived  values  of  the  constants  may  there- 
fore differ  among  themselves,  within  certain  limits,  without 
leading  us  to  conclude  that  the  formula  is  probably  at  fault. 

The  following  table  contains  the  values  of  G  and  E^  calcu- 
lated from  the  deflections  due  to  one  hundred  pounds,  for  two 
sets  of  sticks  of  the  same  dimensions.  They  were  all  over 
four  feet  in  actual  length,  but  in  the  experiments  the  effective 
lengths  taken  were  either  two  feet  or  four  feet.  The  values  of 
E  and  G  were  obtained,  in  some  instances,  by  taking  the  de- 
flections for  the  same  breadth  and  depth  but  different  lengths 
(either  two  feet  or  four  feet),  and  in  other  instances  by  taking 
tlie  deflections  for  the  same  length  but  different  breadths  and 
depths.  The  results  of  two  sets  of  calculations  are  given  in 
the  table.  In  the  one  the  deflections  answering  to  the  least 
and  greatest  strains  are  taken,  and  the  deflection  due  to  one 
hundred  pounds  computed  from  the  difference  of  these  by  sim- 
ple proportion;  in  the  other  the  same  is  obtained  by  taking 
the  deflections  answering  to  strains,  or  pressures,  intermediate 
between  the  extreme  strains. 


<0 
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TABLB    VII. 


Stioks. 

Diff.  of  Extreme  Preesnres. 

Pressures. 

Set  No.  1. 

S, 

C. 

E. 

C. 

2. 

b. 

d. 

i;ioe,60oib8. 

0.0000106 

1,906,480  lbs. 

ft.      ft. 
2,  or  4 

in.     in. 
2 

in.     in. 

1 

OilOOOOSi 

2 

2,  or  8 

8,  or  2 

1,666^    " 

0.0000100 

1,679,900    « 

0.0000096 

I 

2,  or  8 

8,  or  2 

1,684,820    *« 

0.0000067 

1,600,800    << 

OU100007B 

2,  or  4 

4 

2 

1,602,000    " 

0.O00O14O 

1/101,200    « 

oMoom 

2,  or  4 

2 

2 

1,481,800    « 

OiXXMlOO 

1,428,000    ^ 

Oj0000084 

Mow 

IB*      •     .     .     •     . 

1,008,966    '< 
1,277,728  Ibe. 

1,474,798    " 
1,264,000  lbs. 

0/)Q00098 

Set  No.  2. 

ft.      ft. 
2,  or  4 

in. 
8 

in. 
2 

0.0000080 

2,  or  4 

2 

8 

1,206,884    « 

0.0000060 

1,816,000    " 

OJ)00006B 

2,  or  4 

4 

2 

1,668,900    « 

0.0000110 

1,642,880    « 

OUXMXnOT 

2,or4 

2 

2 

1,661,898    « 

0.0000064 

1,000,000    «* 

0.0000100 

Mefti 

\M%       •     ■     •     •     • 

1,428,600    « 

0.0000098 

1,427,906    *< 

O.0000094 

The  general  formula  applicable  to  white  pine  sticks  of  the 
general  quality  used  in  these  experiments,  will  be  obtained  by 
taking  the  mean  of  the  several  values  of  E  and  O  given  in  the 
above  table.  To  test  the  theoretical  formula  we  have  obtained 
we  will  take  the  mean  values  of  E  and  C,  for  the  second  set  of 
sticks,  given  at  the  bottom  of  the  fourth  and  fifth  columns, 
viz. :  JS; =1,427,965  pounds,  and  c= 0.0000094.   We  thus  have 

/=  0.0000094  ^  H ^ 

•^  bd    '    6,711,800XM? 

or,  taking  P=  100  lbs., 

/=  0.00094  ^  +  g555j>^ 
The  following  table  contains  the  values  of  /  calculated  by 
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this  formula,  and  the  results  of  a  comparison  of  the  calculated 
yalues  with  the  deflections  obserred. 

TABLE  yiii. 


Sticks. 

Cal.  Values  of/. 

Obs.Defleo. 

Diflteenoe. 

Batios 
of  Brror. 

{. 

b. 

d. 

in. 

in. 

in. 

4  ft. 

Sin. 

2  in. 

0.0662 

0.0988 

—0.0101 

1-9.7 

2*1 

8  " 

2  " 

0.0140 

0.0147 

~  0.0007 

1-21 

4" 

2  " 

8  " 

0.0484 

0.0460 

-0.0096 

1-lB 

2" 

2  « 

8  " 

0.0062 

0.0084 

—0.0002 

1-42 

4" 

4  « 

2  " 

0.0061 

0.0084 

+0.0087 

1-17 

2" 

4  «• 

2  " 

OU)104 

0.0090 

+0.0014 

1-6.4 

4" 

2  « 

2  " 

0.1828 

0.1200 

+0.0128 

1-9.8 

2" 

2  " 

2  " 

0.0206 

0.0106 

+0.0018 

1-15 

The  comparative  accuracy  of  the  old  and  new  formulas,  will 
be  seen  on  comparing  the  ratios  of  error  in  tables  iv,  v,  and 
n,  and  table  vin.  It  should  be  added  that  the  results  given 
in  table  rv,  are  from  calculations  made  in  each  instance  on 
sticks  which  are  identically  the  same,  whereas  those  in  table 
vm,  are  affected  with  the  errors  resulting  from  the  fact  that 
the  values  of  E  and  C  are  the  mean  values  obtained  from  a 
number  of  different  sticks,  which  may  differ  more  or  less  in 
their  mechanical  condition.  If  we  take  the  average  values  of 
these  constants  given  in  the  table  for  the  stick  three  inches  by 
two  inches  in  cross  section,  and  obtained  by  taking  the  deflec- 
tions answering  to  the  lengths,  two  feet  and  four  feet,  the  form- 
ula thus  obtained  gives,  for  these  transverse  dimensions  and 
the  lengths,  two  feet  and  four  feet,  respectively,  four  results, 
the  ratios  of  error  of  which  lie  between  one  fifteen-hundredth 
and  one  one-hundred  and  twentieth. 

Let  us  compare  the  values  of  the  first  and  second  terms  of 
the  formula.  This  is  done  in  table  iz.  The  values  of  E  and 
C  taken  in  the  formula,  are  the  individual  values  for  each  stick 
given  in  the  second  and  third  columns  of  table  vu. 
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TABLB    IX, 


SttckB. 

First  Term. 

Second  Term. 

Batto. 

Sam. 

I. 

». 

d. 

in. 

in. 

In. 

4  ft. 

8  In. 

2  in. 

0.00002 

0.06062 

1-12 

ojmi 

« 

2" 

8  " 

0.000B2 

0.08870 

1-6.7 

oxMffr 

« 

4*« 

2  " 

0.00068 

0.0664 

1-8 

o.oon 

« 

2  « 

2  " 

0.01000 

o.uoe 

l-U. 

OJ206 

« 

1" 

2" 

o.oine 

0JG81 

1-16 

0.2868 

2 

8" 

2«< 

0.0034B 

o.om9 

1-8.2 

0.0148* 

« 

2«* 

8  «* 

0.00840 

0.00487 

1-1^ 

ojxm 

M 

4" 

2*« 

0.00828 

OJOfXM 

1-2 

0.0102 

« 

2«« 

2" 

0.00500 

0.01883 

1-2.8 

0.0188 

« 

2" 

1  " 

0.00060 

0.18160 

1-18 

oaa4 

« 

1" 

2" 

0.00900 

0.08801 

1-841 

0.0180 

It  will  be  observed  that  the  value  of  the  first  term  is  in  gen- 
eral comparatively  larger  for  the  length  of  two  feet,  than  for 
that  of  four  feet ;  and  in  two  instances  is  as  large  as  one-half 
the  second  term. 

If  now  we  divide  the  first  term  by  the  second,  we  obtain  as 
the  general  expression  of  their  ratio,  4  E  C^ ;   firom  which 

we  see  that  it  is  proportional  to  (-f  )*.  When  -i- = ^4  E  (7, 
4  JE C—^^^^^  equal  to  unity,  and  the  first  term  equal  to  the 
second.  When  -j  has  a  less  value  than  this,  the  first  term  is 
greater  than  the  second.  Taking  the  mean  values  of  E  and  C, 
given  in  the  last  two  columns  of  table  vn,  for  the  first  set  of 
sticks,  we  have  ^/4^C=  7.41.  The  mean  values  given  in 
the  same  columns  for  the  second  set  of  sticks,  give  \/4JBC7= 
7.38.  If  therefore  the  length  of  a  white  pine  stick  be  less 
than  about  seven  and  one-third  times  the  depth,  the  deflec- 
tion fh)m  the  cause  heretofore  neglected  becomes  greater  than 
from  the  cause  to  which  the  whole  deflection  has  hitherto  been 
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ascribed.  When  the  length  and  depth  are  equal,  it  is  nearly 
fifty-five  times  greater ;  from  which  it  appears  that  in  this  case 
the  defiection  directly  due  to  the  slipping  of  contiguous  verti- 
cal laminae,  so  greatly  preponderates  over  that  indirectly  re- 
sulting from  the  same  by  reason  of  the  longitudinal  strains 
communicated  to  the  fibres,  that  the  latter  is  comparatively 
inappreciable. 

It  will  be  seen,  from  the  general  expression  for  the  ratio  of 
the  two  terms,  above  obtained,  that  the  formula  for  the  defiec- 
tion may  take  the  following  form : 

I  have  made,  with  the  same  apparatus,  a  series  of  experi- 
ments on  the  degree  of  set,  or  residual  defiection,  communi- 
cated to  sticks  by  varied  strains,  and  under  various  circum- 
stances, and  obtained  interesting  and  valuable  results.  The 
discussion  of  these  experiments  is  reserved  for  another  oc- 
casion. 


2.  SUGOESnONS  OK  THE  THEORY  OF  THE  COMPOSmON  OF 

FoBOES.    By  F.  W.  Babdwell,  of  Washington,  D.  C. 

(▲B0TRACT.) 

That  velocity  is  proportional  to  the  force  causing  it,  we  can 
only  know  from  experience,  but  the  principle  of  the  composi- 
tion of  velocities,  known  as  the  parallelogram  of  velocities,  is 
obvious  from  geometrical  considerations,  and  is  entirely  inde- 
pendent of  any  relation  between  velocity  and  the  force  causing 
it.  But  if  force  is  proportional  to  velocity,  their  the  principle 
of  the  parallelogram  of  forces  necessarily  follows.  If  force 
is  not  proportional  to  velocity,  then,  as  necessarily,  the  prin- 
ciple of  the  parallelogram  of  forces  fails  to  hold. 

The  Ic^cal  order  of  the  exposition  of  the  composition  of 
forces  then  seems  to  be  :-^  First,  to  establish  from  geometrical 
considerations  the  parallelogram  of  velocities.  —  Secondly,  to 
show  that  in  all  the  varied  combinations  of  forces,  acting  both 
in  nature  and  under  the  control  of  man,  the  results  verify  the 
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assumption  that  force  is  proportional  to  Telocity,  and  that  this 
principle  may  be  accepted. — Thirdly,  that  the  principle  of  the 
parallelogram  of  forces  necessarily  results  from  the  two  previ- 
ous. 

La  Place,  in  his  Mecanique  Gdistey  reverses  this  order,  and 
deduces  the  parallelogram  of  velocities  from  the  paraUelogram 
of  forces.  In  his  demonstration,  however,  he  assumes  that  if 
two  component  forces,  x  and  y^  become  successively  dx,  2clx,  3 
dx,  etc.,  and  dy,  2dyj  Sdy,  etc.,  that  their  resultant  z  would  be- 
come successively  dz,  2d2,  SdZy  etc.,  and  the  angle  0  between 
the  directions  of  x  and  z  would  remain  constant.  But  it  seems 
to  me  that  these  results  can  only  be  considered  to  take  place, 
on  the  hypothesis  that  force  is  proportional  to  velocity,  and 
that  they  necessarily  rest  upon  it.  La  Place  does  not  admit 
this  hypothesis  until  at  a  subsequent  point  of  his  investigation, 
and  therefore  his  demonstration  has  that  fallacy. 

Lagrange  says  that  Bernoulli  attempted  to  establish  the 
principle  of  the  composition  of  forces  on  considerations  inde- 
pendent of  that  of  motion,  and  gave  a  complicated  demonstra- 
tion based  on  two  ''principles,"  but  these  principles  also  de- 
pend on  that  of  force  proportional  to  velocity y  and  it  would 
seem  that  the  parallelogram  of  forces  involves  essentially  this 
principle,  and  cannot  be  freed  from  it. 


3.    On  the  Thebmo-dtnamics  of  Water-falls.    By  Alfred 
M.  Mater,  of  South  Bethlehem,  Penn. 

Evert  one  standing  before  a  cataract  is  impressed  with  the 
presence  of  power  in  the  plunging  water ;  and  those  who  are 
accustomed  to  consider  the  evolution  and  transmutations  of 
force  naturally  inquire  into  what  phases  of  motion  this  falling 
mass  is  converted. 

The  cataract  leaps  the  brow  of  the  precipice  and  strikes  the 
water  below ;  vibrations  are  generated  in  the  air,  in  the  earth 
and  water,  and  there  arises  a  cloud  of  mist  from  the  base  of 
the  falls.  These  are  the  immediately  evident  results  of  the 
falling  water ;  but  yet  another  effect  we  should  naturally  ex- 
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pect  to  find,  that  is,  the  heating  of  the  water  after  its  impact 
on  the  rocks  and  river  beneath. 

This  effect  has  been  suspected  by  all  natural  philosophers ; 
but,  as  far  as  I  know,  no  one  attempted  to  detect  and  measure 
it  until  Prof.  Joseph  Henry  made  some  thermometric  observa- 
tions at  the  Falls  of  Niagara  in  Sept.,  1857.  Prof.  Henry 
gave  a  verbal  account  of  his  observations  before  the  Baltimore 
meeting  of  the  American  Association  for  the  Advancement  of 
Science,  in  May,  1858 ;  but  unfortunately  they  were  not  pre- 
sented for  publication  in  the  proceedings,  and  all  that  appears 
in  the  published  account  of  that  meeting  is  merely  the  follow- 
ing title:  "Observations  made  at  the  Falls  of  Niagara,  1st 
September,  1857,  by  Prof.  Joseph  Henry."  According  to  my 
recollection  of  the  remarkstof  Prof.  Henry,  he  did  not  detect 
any  difference  of  temperature  in  the  water  at  the  top  and  bot- 
tom of  the  falls.  This  was  probably  owing  to  the  want  pf 
delicacy  in  the  thermometer,  which  read  only  to  1°  Fahr.,  the 
fractions  of  degree  being  estimated  by  the  eye  aided  by  a 
lens. 

I  therefore,  during  a  recent  visit  to  Niagara  and  Trenton 
Falls,  determined  to  repeat  these  observations  with  a  delicate 
Centigrade  thermometer,  by  Alvergniat  of  Paris,  reading  to 
0^02  Cent. 

The  first  observations  were  made  at  Trenton  Falls,  July  4 ; 
the  others  at  Niagara,  July  7,  1869. 

The  water,  at  each  place,  was  collected  in  a  tin  cylinder, 
attached  to  a  strong  cord,  holding  about  a  half-gallon  and  of 
sufiScient  depth  to  allow  the  thermometer  to  be  entirely  im- 
mersed ;  while  the  temperatures  were  read  as  soon  as  the  mer-' 
curial  column  ceased  to  descend. 

Trenton  Falls,  July  4,  1869. 

Sky  overcast.  Drizzling.  No  perceptible  wind.  Tempera^ 
ture  of  air  during  observations  18®.  3,  C. 

The  top-water  was  taken  within  ten  feet  of  the  leap  of  the 
falls ;  the  bottom-water  at  about  thirty  feet  from  the  bases  of 
the  two  cataracts ;  and  about  five  minutes  elapsed  between  the 
last  reading  of  the  temperature  of  the  bottom-water  and  the 
first  reading  of  the  top-water. 
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Sherman  Falls  {Trenton) y  W.  side.    Height  89  fe^. 

OBSSBVATIONS.  TBMP.  TOV-WATESL  TEMP.  BOTTOM-WATBR. 

1  16^6  C.  16^7  C. 

2  16^6  16^7 

3  16^6  16^7 

High  FaU  (Trenton)  upper  faU  W.  side.    Height  Abfeet. 

OBSBBYATIOMS.  TBMF.  TOP-WATER.  TXMP.  BOTTOM-WATSB. 

1  16°.6  C.  16^7   C. 

2  16^6  16^7 

3  16^6  16^7 

4  16^6  16^7 

At  first  sight  these  observations  seem  to  have  established  an 
interesting  physical  fact  in  accordance  with  the  thermo-dynamic 
theory ;  but  the  same  degree  of  heating  (0°.l  C)  in  each  case, 
and  the  amount  of  the  heating  of  the  water  does  not  agree 
with  that  which  Joules'  unit  establishes ;  according  to  which 
the  increase  in  temperature  at  the  base  of  Sherman  Fall  should 
have  been  0^028  C,  and  at  the  High  Fall  0^032  C. 

Niagara  Falls,  July  7,  1869. 

W.  side  of  Canada  fall.  Height  158  feet.  Sky  0.7,  cloudy ; 
sun  appearing  at  intervals.    Wind  S. ;  gentle  breeze. 

The  top-water  was  here  collected  firom  an  overhanging  log, 
about  sixty  feet  from  the  brow  of  the  cataract  and  about  thirty 
feet  from  the  shore.  The  bottom-water  was  taken  in  first 
series  of  observations  about  two  hundred  feet  from  W.  side  of 
the  base  of  fall,  and  in  second  series  at  about  five  hundred  feet 
distant  from  base  of  cataract,  to  both  of  which  points  a  strong 
current  set  in  directly  from  the  apex  of  *'the  horse-shoe,"  and 
the  water  when  dipped  was  white  with  the  air-bubbles  it  con- 
tained. 

Niagara  Falls.    Observations  at  Top  of  Cataract. 

OBtEBYATIONS.  TEMP.  TOP-WATES.  TIME  OF  OBEEBYAIIOir. 

1  18^85  C.  1.45  P.M. 

2  18^80  1.49 

3  18°.80  1.52 

4  18°.75  2.00 


Mean  Temp.,    .    .     .     18''.80 
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Temperature  of  the  air  in  shade  with  N.  exposure,  at  top  of 
the  fall,  during  the  observations,  was  24®.00  C. 

Niagara  Falls,    First  series.    Bottom-water, 


OBSBBYATIONS. 

TEMP.  BOTTOH-WATBB. 

TIMB  OF  OBSEBYATION. 

1 

2 

18^6  c. 

l8^6 

2.15  P.M. 
2.30 

Mean  Temp.,    . 

.   .   l8^6. 

Niagara 

FaUs.    Second  series. 

BottomrwaJter, 

OBSERVATIOirS. 

TEMP.  BOTTOM-WATEB. 

TIME  OP  OB8EBVATIOK. 

1 

2 

3 

18^55  c. 

18°.60 

18^55 

2.40  P.M. 

2.43 

2.50 

Mean  Temp., 

.     .     18^566C. 

Mean  Temp,  of  first  and  second  series,  18^.583. 

Mean  Temperature  of  air  at  bottom  of  cataract,  from  five 
observations,  was  22^.16  C. 

The  above  observations  show  that  the  water  after  having 
reached  the  point  at  the  base  of  the  cataract  where  it  was  col- 
lected was  cooled  (f.2ll  C,  instead  of  being  heated  0*.113  C, 
as  should  have  taken  place  had  all  of  the  falling  force  of  the 
water  been  converted  into  heat. 

Thus  at  Trenton  Falls  we  obtain  a  -f-  and  at  Niagara  a  — 
departure  from  the  deductions  of  a  well  established  theory.  In 
order  to  appreciate  these  apparently  anomalous  results  we 
should  consider  the  physical  conditions  of  the  water  during  and 
after  the  fall. 

As  the  water  approaches  the  brow  of  the  precipice,  and  just 
after  it  makes  the  leap,  it  has  different  velocities  at  various 
points  of  section  at  right  angles  to  its  surface,  the  velocity  of 
its  particles  decreasing  with  the  depth  from  the  surface  owing 
to  the  fiiction  of  the  lower  strata  on  the  river-bed.  This  dif- 
ference of  velocity  first  tends  to  break  up  the  sheet  and  then 
the  resistance  of  the  air  (which  increases  with  the  square  of 
the  velocity  of  the  falling  particles)  fhrther  disintegrates  the 
liquid ;  and  when  the  sheet  is  thin,  and  the  fall  high,  it  will  be 
comidetely  ^'  aJtonmed^'*  as  we  see  in  the  Falls  of  the  Staubach 
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and  of  Yosemite.  As  the  fall  strikes  the  river  below  it  forces 
under  its  surface  a  large  quantity  of  air,  and  thus  during  and 
after  its  fall  the  water  is  under  conditions  most  favorable  for 
its  evaporation. 

When  the  surrounding  atmosphere  has  a  temperature  above 
that  of  the  top-water  it  will  give  up  part  of  its  heat  when  it  is 
forced  under  the  surface  of  the  river  below,  and  if  the  sheet  be 
unbroken  (as  was  nearly  the  case  at  Trenton  Falls)  this  heat- 
ing cause  will  be  added  to  the  heating  effect  of  the  impact. 
While  if  the  sheet  is  disintegrated  during  a  high  fall  (as  at 
Niagara)  the  cooling  by  evaporation  may  equal  and  even  sur- 
pass the  heating  produced  by  these  two  causes.  It  therefore 
follows  that  with  the  same  temperature  of  top-water  different 
temperatures  will  be  obtained  at  the  foot  of  the  same  fall,  ac- 
cording to  the  various  hygrometric  and  barometric  conditions 
of  the  atmosphere. 

Now,  if  we  suppose  that  the  water  falls  in  an  unbroken  sheet 
of  considerable  thickness,  that  no  vibrations  of  air,  water  and 
earth  are  produced,  and  lhat  no  heat  is  given  by  the  atmos- 
phere or  abstracted  by  evaporation,  we  will  have  the  total  fall- 
ing force  converted  into  heat,  and  that  easily  detected  with  a 
thermometer  as  delicate  as  that  used  in  these  observations. 
The  heating  effect  would  be  in  proportion  to  the  height  of  the 
cataract  or,  what  is  the  same,  as  the  square  of  the  velocity  of 
impact;  a  fall  of  seven  hundred  and  seventy-two  feet  being 
requisite  (according  to  the  experimental  determinations  of 
Joule)  to  heat  the  water  l**  Fahr.,  which  converted  into  centi- 
grade equivalent  gives  772  X  f=  1890  feet  of  fall  for  an  eleva- 
tion of  1°,  Centigrade. 

Thus  we  see  why  it  was  that  at  Trenton  we  obtained  a  heat* 
ing  effect  of  0°.l  C,  while  theory  gives  0^.032  C.  (for  the  mean 
of  the  two  falls),  while  at  Niagara  we  obtained  a  cooling  effect 
of  0^.217  C,  instead  of  O^'-llS  C.  of  heating ;  showing  that  the 
water  was  really  cooZed  by  evaporation  0**.217+0M13=:0*.88 
C,  without  considering  the  abstraction,  by  the  same  cause,  of 
the  heat  imparted  to  the  water  by  the  air,  which  must  have 
been  considerable  as  its  temperature  exceeded  that  of  the  top- 
water  by  5''.2  C. 

We  infer  from  our  observations  that  one  cannot  derive  fh>m 
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thermometric  observations  on  water-falls  any  data  of  value  to 
the  thermo-dynamic  theory ;  but  we  would  suggest  that  obser- 
vations be  made  when  the  temperatures  of  the  air  and  of  the 
top-water  are  alike,  while  at  the  same  time  the  air  is  saturated 
with  moisture ;  under  these  conditions  the  heating  of  the  water 
due  to  its  impact  will  be  the  least  hidden  by  the  heating  or 
cooling  effect  of  contiguous  air,  or  by  the  cooling  produced  by 
evaporation.  Observations  should  also  be  made  under  very 
different  thermometric,  hygrometric  and  barometric  conditions 
of  the  atmosphere,  which  would  give  approximations  to  the 
measure  of  their  several  effects. 

We  have  no  doubt  that  the  results  which  will  be  obtained 
under  circumstances  when  these  extraneous  disturbing  causes 
are  at  a  minimum,  will  give  a  residual  heating  effect  due  to  the 
impact  of  the  falling  water,  and  its  determination  under  these 
conditions  is  worthy  of  the  attention  of  any  one  who  has 
the  advantage  of  proximity  to  the  falls  and  the  leisure  and 
patience  to  make  the  observations. 


4.   Physical  Theory  op  the  Principle  op  the  Lever.    By 
W.  A.  Norton,  of  New  Haven,  Conn. 

Ip  it  be  true  that  two  forces  acting  upon  a  lever  will  hold 
each  other  in  equilibrio  if  their  intensities  be  inversely  propor- 
tional to  their  lever  arms,  it  is  plain  that  this  principle  must 
be  a  consequence  of  the  law  or  laws,  of  the  lateral  transmis- 
sion of  force  from  molecule  to  molecule  of  the  lever,  and 
therefore  of  one  or  more  fundamental  principles  of  molecular 
action  consequent  upon  the  disturbance  of  the  natural  equilib- 
rium of  the  molecules.  I  propose  to  show  that  it  may  in  fact 
be  deduced  from  two  admitted  principles  of  molecular  action. 
These  are : 

(1)  If  two  integrant  molecules  of  a  solid  body,  which  lie 
within  the  range  of  reciprocal  action,  be  forcibly  separated 
from  each  other  a  minute  distance,  a  mutual  attraction  or  re- 
pulsion will .  be  brought  into  operation,  and  if  they  be  urged 
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nearer  to  each  other  by  an  equal  minute  distance  an  eqaal  op- 
posite force  of  repulsion  or  attraction  will  come  into  play. 

(2)  The  intensities  of  the  forces  thus  originating  are  propor- 
tional to  the  amount  of  the  relative  displacement  of  the  two 
molecules,  on  the  line  connecting  them. 

To  these  fundamental  principles  are  to  be  added  that  of  the 
parallelogram  of  forces,  as  applicable  to  the  case  of  two  forces 
acting  directly  upon  the  same  point. 

The  principle  of  the  lever  presents  three  distinct  cases, 
which  require  separate  consideration*  * 

1.  2%e  Straight  Lever  j  with  perpendicular  forcea. 

2.  Tfie  Straight  Lever^  with  obliqvs  forces. 

3.  The  Bent  Lever. 

Case  i.  The  Straight  Lever^  with  perpendicular  farces.  We 
will  first  take  the  lever  of  the  first  order,  and  consider  the 
precise  process  of  transmission  of  either  of  the  extraneous 
forces  acting  upon  it  from  the  point  of  ap- 
plication to  the  frdcrum.  Let  a&,  Fig.  1, 
represent  a  vertical  line  of  particles  of  one 
cross  section,  or  lamina,  and  cd  the  contig- 
mk  uous  vertical  line  of  particles  of  the  next 

N.  section;   and  let  us  conceive  that  all  the 

•"■ ^^^*         similarly  situated  pairs  of  lines  of  the  two 

cross  sections  or  laminae,  are  concentrated 
wfFT — I*"  upon  ab  and  od,  so  that  these  lines  may 

>.  represent  the  entire  cross  sections. 

^"^  Suppose  that  the  extraneous  force  is  di- 

rectly applied  to  the  first  line,  depressing 
it  by  a  small  amount.  If  we  take  one  par> 
tide  m'  of  the  first  line  and  consider  the  actions  upon  it  of  two 
particles  n,  n',  of  the  second  line  at  equal  distances  above  and 
below  it,  it  will  be  seen  that  m'  will  recede  from  n  a  minute 
distance,  and  approach  n'  by  sensibly  the  same  distance,  and 
that  the  molecular  forces  brought  into  operation  by  these  rela- 
tive displacements  will  be  opposite  in  their  character,  and 
equal  in  intensity.  Thus,  if  the  recess  of  m'  from  n  develops 
a  mutual  attraction,  the  approach  of  m*  to  n^  will  develop  an 
equal  repulsion.  The  resultant  of  these  two  forces  acting  on 
m'  will  be  directed  upward,  or  from.m'  toward  a.    A  similar 
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result  will  be  obtained  for  each  pair  of  particles,  n  and  n',  that 
exercise  a  sensible  action  on  m';  except  that  for  those  situ- 
ated beyond  a  certain  distance  the  forces  developed,  and  con- 
sequently their  resultants,  will  be  reversed,  or  m'  will  be  urged 
downward  by  the  actions  of  such  particles.  Since  m'  is  held 
in  equilibrium  in  opposition  to  the  extraneous  force  urging  the 
section  ab  downward,  the  entire  resultant  of  all  the  actions  of 
the  pairs  of  particles  n,  n',  of  the  section  cd,  on  m'  will  be 
directed  upward.  The  section  ab  slips  upon  cd,  under  the 
action  of  the  extraneous  force  until  this  resultant  is  equal  to 
the  extraneous  force.  By  our  second  fhndamental  principle 
the  amount  of  this  slipping  will  be  proportional  to  this  force ; 
since  the  actions  of  each  pair  of  particles,  n,  n',  wiU  be  pro- 
portional to  (his  displacement. 

Now  if  we  take  any  particle  n  of  the  section  cd,  and  con- 
sider the  actions  on  it  of  two  particles  m,  m\  at  equal  distan- 
ces above  and  below  n,  and  at  the  same  distances  that  n  and 
n'  are  above  and  below  m';  then,  if  the  actions  of  n  and  n'  on 
m'  are  such  as  to  give  a  resultant  directed  upward,  the  actions 
of  m  and  m'  on  n,  will  give  a  resultant  directed  downward, 
as  shown  by  the  arrows  in  the  figure.  These  two  resultants 
will  be  equal  to  each  other.  It  follows,  therefore,  that  the 
entire  action  of  ah  on  n  will  be  represented  by  a  force  acting 
downward  equal  to  that  by  which  m'  is  drawn  upward  by  the 
action  of  cd  upon  it.  This  force  will  then  be  equal  in  intensity 
to  the  extraneous  force.  Accordingly  the  extraneous  force 
will  be  transmitted  from  db  to  cd;  and  in  the  same  manner 
from  this  section  to  the  next,  and  so  on  to  the  point  of  sup- 
port. The  transmission  is  effected  by  the  slipping  of  each 
vertical  section,  or  lamina,  by  the  same  amount  upon  the  next, 
and  so  developing  reciprocal  vertical  actions  equal  to  the  ex- 
traneous force. 

Let  us  next  seek  to  determine  the  longitudinal  strains  on 
the  fibres,  developed  by  the  extraneous  force  in  the  process  of 
lateral  transmission  just  considered.  Let  ab  and  cd.  Fig.  2, 
represent  two  vertical  cross  sections  of  the  lever  indefinitely 
near  to  each  other,  of  which  a6  directly  receives  the  force  ap- 
plied to  one  end  of  the  lever.  The  relative  slipping  of  con- 
tiguous laminae  causes  the  rectangle  abed  to  take  the  figure  of 
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an  oblique  parallelogram,  a'h'dd' ;  the  diagonal  (Ui  being  shortr 
ened,  and  the  diagonal  hd  being  lengthened.     It  therefore  de- 

velopes  forces  of  compression  tak- 
ing effect  from  a'  and  cf  toward  the 
centre  o  of  the  parallelogram,  and 
forces  of  extension  taking  effect 
from  o  toward  h'  and  d'.  The  reac- 
tions to  these  forces  take  effect 
from  0  toward  a'  and  c',  and  from  h^ 
and  d'  toward  o.  These  reactions 
w^l  urge  the  points  a'  and  d! 
toward  the  lefb,  and  the  points  h^ 
and  cfy  toward  the  right ;  and  the 
longitudinal  strains  pn  the  fibres 
a'd'  and  h'cf^  thus  originating  at 
the  angular  points  of  the  parallelo- 
gram, will  be  equal.  For,  supposing  that  there  are  only  these 
extreme  fibres,  and  that  the  diagonals  a'd  and  h'd'  are  material 
lines,  the  figure  a'h'dd'  is  to  be  regarded  as  a  system  in  equili- 
brium under  the  action  of  two  equal  forces  along  its  vertical 
sides ;  that  along  a'h'  being  the  active  force  and  du'ected  down- 
ward, and  that  along  dd'  being  the  equal  reaction  of  the  fixed 
support  transmitted  to  c'd',  and  directed  upward.  One-half  of 
each  of  these  vertical  forces  wiU  act  at  the  upper  and  lower 
comers  of  the  parallelogram.  The  reactions  along  the  diago- 
nals, above  alluded  to,  will  at  these  points  sustain  the  equal 
vertical  forces  acting  on  them,  and  at  the  same  time  develope 
equal  longitudinal  strains  on  the  fibres  a'd'  and  h'd.  Or, 
more  directly  we  may  regard  the  equal  vertical  forces,  at  the 
four  angular  points,  as  taking  effect  at  the  same  time  along  the 
diagonals  and  along  the  fibres.  This  is  illustrated  in  Fig.  3, 
in  which  the  vertical  forces  soliciting  the  angular  points  of 
the  parallelogram  are  represented  by  the  halves  of  its  vertical 
sides,  or  by  equal  lines.  It  will  be  seen  that  the  longitudinal 
strains  developed  at  these  points  will  be  represented  by  the 
halves  of  the  horizontal  sides ;  and  therefore  that  the  entire 
strains  on  the  extreme  fibres,  due  to  the  parallelogram  consid- 
ered, will  be  represented  by  these  sides,  ad  and  he.  If  now 
we  take  the  case  as  it  actually  is,  and  regard  the  entire  area, 
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abcdj  as  made  up  of  fibres,  the  only  result  will  be  that  the  longi- 
tudinal strains  which,  upon  the  previous  supposition,  would  be 
developed  along  ad  and  6c,  will  be  Fig.  8. 

distributed  over  all  the  fibres  lying  0     ^ 

between  these  extreme  fibres  and  the  /  i    .' 

middle  one.  What  the  law  of  the 
distribution  may  be  it  does  not  con- 
cern us  now  to  inquire.  It  is  plain 
that  the  individual  strains  will  de- 
crease from  the  outer  fibres  toward 
the  middle  one,  where  there  will  be 
no  strain. 

If  now  we  take  another  vertical 
section  indefinitely  near  to  cd,  it  will 
form  with  cd  another  parallelogram, 
the  vertical  sides  of  which  will  be 
solicited,  in  opposite  directions,  by 
the  same  forces  as  those  of  the  paral- 
lelogram just  considered.  The  same 
strams  as  before  will  therefore  be 
developed  along  the  upper  and  lower 
fibres  by  these  forces.  The  same  will 
be  trae  of  each  successive  parallelo- 
gram into  which  the  arm  of  the  lever  may  be  divided.  The 
actual  strain  along  any  one  continuous  fibre,  at  the  fVilcrum, 
will  therefore  be  equal  to  the  strain  on  this  fibre  developed 
by  any  one  of  the  parallelogramsf  multiplied  by  the  number  of 
parallelograms  in  the  extent  of  the  arm  of  the  lever.  Now  if 
we  suppose  the  two  lever  arms  to  be  of  unequal  length,  what- 
ever may  be  the  comparative  intensities  of  the  two  forces  that 
balance  each  other,  each  will  give  rise  to  a  slipping  of  contig- 
uous vertical  sections,  or  laminse,  of  its  lever  arm,  proportional 
to  those  intensities,  and  so  develop  longitudinal  strains  on  any 
fibre,  in  the  extent  of  any  single  parallelogram  considered,  pro- 
portional to  the  same.  Let  p  and  q  represent  these  propor- 
tional strains  on  a  single  fibre,  and  P  and  Q  the  forces  applied 
to  the  lever,  then  p:q: : P:  Q.  Let  m  represent  the  arm  of 
lever  of  P,  and  n  that  of  Q.  The  number  of  equal  parallelo- 
grams contained  in  these  lever  arms  will  be  proportional  to 
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their  lengths,  m  and  n.  The  strain  on  the  fibre  considered,  at 
the  ililcrum,  resulting  from  the  action  of  P,  will  then  be  de- 
noted by  jpm,  and  that  resulting  from  the  action  of  Q  hj  qn. 
But  the  equilibrium  requires  that  these  directly  opposite  strains 
should  be  equal ;  and  therefore pm  =. qn.  Hence p:q::n : m; 
and  therefore  P:  Q::n :  m. 

Since  each  of  the  forces  P,  Q,  is  transmitted  to  the  fulcrum, 
by  the  slipping  of  each  vertical  section  of  the  lever  on  the 
next,  without  change  of  intensity,  the  pressure  there  will  be 
equal  to  the  sum  of  P  and  Q. 

The  theory  of  the  lever  of  the  second  order,  as  well  as  of 
the  third,  is  essentially  included  in  that  of  the  lever  of  the  first 
order ;  since  the  reaction  of  the  flilcrum  of  the  latter  may  be 
replaced  by  an  active  force,  and  either  of  the  forces  P,  Q,  by 
the  reaction  of  a  fVilcrum. 

Case  ii.  Straight  Lever  with  oblique  forces.    Let  A  J3,  Fig  4, 
represent  the  lever,  and  P,  Q,  forces  obliquely  inclined  to  it, — 
itg.  4.  the  system  being  in 

...v  equilibrium      about 

/''    l\  some  fixed  point  in- 

/        \  \  termediate  between  A 

y\.  \     \  and  J3.     Produce  P 

/^       \      \       \  and  Q  to  their  point 

^  / A (tt  \|   ,'"';\'j|  of  intersection  C,  and 

.^     >       let  CF  he  the  direo- 
I  V^-'        tion  of  their  resultant 
0^;;^   \  B^   supposing    them, 

Q  for  the  moment,  to 
act  at  C.  Wherever 
the  ftilcrum  may  have  to  be  in  order  that  P  may  balance  Q,  P 
and  Q  will  be  transmitted  to  it,  by  the  process  of  molecular 
lateral  transmission  that  has  been  explained,  without  change 
of  direction  or  intensity,  and  therefore  give  a  resultant  prefr» 
sure,  -B',  on  it,  having  the  same  intensity  and  direction  as  B 
acting  at  C.  Decompose  P  and  Q  as  shown  by  the  arrows, 
and  suppose  B'  to  be  similarly  decomposed  into  the  compo- 
nents Bi  perpendicular  to  the  lever,  and  JB,  lying  in  It.  Then, 
since  B'  is  the  resultant  of  P  and  Q  transmitted  to  the  ful- 
crum, we  have  Qi—Fi=Bt,  and  P^-f  Qi=Bi.    Thus  P,  and 
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Qs  arc  Txeotralized  by  the  component  of  the  reaction  of  the 
fulcrum  (which  is  equal  and  opposite  to  R')  in  the  direction  of 
the  lever ;  since  this  component  is  equal  and  opposite  to  7?^- 
It  follows,  therefore,  that  the  two  components,  Pj  and  Qj,  per- 
pendicular to  the  lever,  will  balance  each  other  about  the  ful- 
crum. It  now  remainB  to  be  seen  wliere  the  fulcrum  must  be 
situated,  in  order  that  F^  may  balance  Qi-  From  F^  where  the 
line  of  direction  of  iJ,  through  O,  cuts  A  J?,  draw  FD  and 
FEy  perpendicular,  respectively,  to  P  and  Q,  then  by  the 
parallelogram  of  forces,  P:  Q::FE:FD;  —  and  therefore  P 
and  Q  may  be  represented  hy  FE  and  F  D.     Now  Pi  :=  P  sin 

a,  and  Qi=.  Q  sin  ^;  and   sin  a^-^j-j  and  sin 


Hence  P^  —  P 


FD 
FA' 


and  Qi=Q 


FE  , 
FB^ 


or  P^^FE 


Qi^FD 


FE 


Therefore  Pi :  Qi  ; :  FE 


FA 


FD 


Fn 

~FA^ 
FE  ,  , 
FB    '  ' 


and 

FA 


1 

FS 


Fiff,  e. 


'FB:FA.    The  fulcrum  is  therefore  at  the  point  P, 

where  the  line  of  direction  of  the  resultant  if,  of  the  forces  P 
and  Q  supposed  to  act  at  O,  cuts  the  lever.  But  we  have  al- 
ready seen  that  P:  Q : :  FE:  FD,  Hence  these  forces  are  in- 
versely proportional  to  their 
technical  lever  arms,  FE  and 
FD,  As  P  and  Q  are  trans- 
mitted to  the  fulcrum  without 
change  of  direction  or  inten- 
sity, the  pressure  on  the  ful- 
crum will  be  equal  to  M, 

Case  ju.  The  BeTit  L&ver^ 
Let  P  and  Q,  Fig,  5,  be  two 
forces  acting  on  two  points 
A  and  P  of  a  body  of  indef- 
inite extent,  capable  of  turn- 
ing about  a  fixed  point  F^ 
situated  in  the  plane  of  the 
lines  of  direction  of  P  and  Q. 


Produce  these  lines  of  direct 


tion  to  their  point  of  intersection  C;  and  from  F  draw  the  per- 
pendiculars FA  and  FB,  Divide  FC  into  an  indefinitely 
great  number  of  equal  parts,  and  from  the  points  of  division 
draw  parallels  to  FA  and  FB,    Let  ub  first  suppose  that  the 
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point  C  falls  within  the  body,  and  that  this  is  of  uniform  thick- 
ness in  a  direction  perpendicular  to  AC  BF,  and  has  the  fonn 
ACBF.  The  perpendiculars  to  P  and  Q,  from  the  points  of 
division  of  F  C,  will  divide  the  body,  conceived  to  be  repre- 
sented by  the  area  A  CBF^  into  an  indefinite  number  of  simikr 
portions  of  the  bent  lever  form,  with  the  points  of  intersection 
of  the  two  arms  on  the  line  OF,  Now  let  a  represent  the  cross 
section  of  any  one  of  these,  on  the  line  of  P,  and  b  the  cross 
section  of  any  one  on  the  line  of  Q.  P  will  be  equally  dis- 
tributed over  the  entire  cross  section  A  (7,  and  Q  in  the  same 
maimer  over  B  C.  Let  p  and  q  denote  the  fractional  portions 
of  P  and  Q  that  take  effect  at  the  ends  of  any  one  of  the  bent 
lever  portions  of  AC  BF.  If  we  consider  any  one  of  these 
portions  by  itself,  it  will  be  solicited  by  the  forces  p  and  5, 
and  be  in  equilibrium  under  the  operation  of  these  forces  and 
some  portion  of  the  reaction  i?',  to  the  pressure  iJ,  on  the 
Ailcrum,  produced  by  P  and  Q.  They  will  be  transmitted  in- 
ward by  the  slipping  of  contiguous  sections,  and  neutralized 
by  a  certain  portion  of  B'  transmitted  along  its  line  of  direc- 
tion ;  and  the  point  in  which  this  line  intersects  the  bent  lever 
portion  under  consideration  must  be  its  virtual  Ailcrum.  Now 
if  we  consider  the  bent  portion  next  to  C,  its  fulcrum  must  be 
indefinitely  near  to  C;  while  that  of  the  first  elementary  bent 
lever,  AFB^  lies  at  F.  But  all  the  fUlcra  of  the  elementary 
levers  must  lie  on  the  line  of  direction  of  B'^  which  passes 
through  F.  Hence,  as  C  is  the  fhlcrum  of  one  of  these  levers, 
this  line  of  direction  must  also  pass  through  (7.  Now  the 
direction  of  jB'  is  opposite  to  that  of  the  resultant  iJ,  of  P 
and  Q  supposed  to  act  at  C;  since  B'  neutralizes  P  and  Q 
transmitted,  without  change  of  direction  or  intensity,  to  F. 
Therefore,  as  its  Mne  of  direction  passes  through  (7,  it  must 
coincide  with  the  line  of  direction  of  the  resultant  iJ,  of  P 
and  Q  supposed  to  take  eflfect  at  C.  It  follows,  then,  that  the 
ftilcrum,  jP,  lies  on  this  resultant.  But,  by  the  principle  of 
parallelogram  of  forces,  we  have,  for  any  point,  jF'  on  the  re- 
sultant, tiie  proportion  P:  Q::FB:  FA, 

Now  suppose  a  portion,  (7m rn,  of  the  body  A CB -F,  to  be 
removed ;  the  equilibrium  will  not  be  disturbed,  since  the  only 
effect  will  be  to  augment  the  intensities  of  the  fractional  parts 
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of  P  and  Q  that  act  on  the  elementary  bent  levers  of  the  re- 
maining portion,  -mm  B  F  A^  without  altering  their  ratio. 
Hence  the  forces,  jP,  Q,  wliich  act  on  a  bent  lever  and  hold 
each  other  in  equilibrio,  are  inversely  proportional  to  their 
lever  arms. 

It  will  be  seen  from  what  has  been  stated,  in  w?iat  manner 
the  forces  P  and  Q  become  neutralized  by  the  action  of  7?',  or 
the  reaction  of  the  fulcrum^  Eyen  when  their  point  of  inter- 
section, C,  falls  witiiin  the  body,  they  cannot  be  regarded  as 
actually  transmitted  to  C,  and  taking  effect  wholly  there  in 
opposition  to  Mf  transmitted  and  taking  effect  wholly  at  the 
same  point*  As  a  matter  of  fact  it  is  only  an  infinitesimal 
portion  of  each  force  that  operates  at  C.  An  equal  indefi- 
nitely small  portion,  jj,  5,  or  r,  acts  iipon  each  elementaiy 
lever  ;  and  each  triplet  of  forces  taking  effect  on  each  element- 
ary lever,  counteract  each  other.  In  other  words,  the  forces  P 
and  Q,  instead  of  taking  effect  by  direct  transmission,  wholly 
either  at  C  or  J^,  are  actually  distributed  along  the  whole 
length  of  the  portion  of  the  line  F  O  that  falls  within  the  lever, 
and  arc  there  neutralized  m  equal  elementary  portions,  by  the 
corresponding  elementary  portions  of  -B',  transmitted  to  the 
same  points. 

If  we  suppose  the  body  on  which  P  and  Q  act,  to  have  an 
indefinite  extent,  the  only  portion  whose  molecular  forces  will 
be  called  into  play,  in  the  transmission  and  counteraction  of 
the  forces,  will  be  that  comprehended  within  the  lines  of  durec- 
tion  of  P  and  Q.  This  wiU  comprise  the  part  AG BF 
already  considered,  and  another  part  lying  on  the  other 
side  of  AFB^  that  is  on  the  side  toward  which  P  and  Q 
solicit  the  points  A  and  B.  This  part  may  be  subdivided  into 
elementarj^  bent  levers  like  the  other,  and  its  existence  will 
have  no  other  effect  than  to  diminish  the  absolute  values  of  p, 
q^  and  r,  the  triplet  of  forces  answering  to  any  one  of  the 
whole  number  of  elementary  levers,  into  which  the  entire  por- 
tion of  the  body  that  lies  within  the  lines  of  direction  of  P 
and  Q  is  divided.  It  wiU  be  observed  that  for  each  elements 
ary  lever  of  this  part,  the  resultant  of  the  forces  p  and  q  will 
take  effect  upon  the  fixed  point  F^  as  a  force  of  traction, 
instead  of  as  a  force  of  pressure,  as  in  the  caae  represented 
in  Fig,  6, 
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We  thus  arrive  at  the  general  principle,  that  if  two  forces, 
whose  lines  of  direction  when  produced  intersect  each  other, 
are  applied  to  a  body  capable  of  turning  about  a  fixed  point  in 
the  plane  of  these  lines,  these  forces  will  be  in  equilibrio,  pro- 
vided t?ie  stcUicdl  moment  of  the  one  force  is  equal  to  that  of  tAe 
other. 


III.    ASTRONOMY. 

1.  Spectrum  Observations  at  Burungtok,  Iowa,  DURma 
THE  Eclipse  of  August  7, 1869.  By  C.  A.  Young,  of 
Hanover,  N.  H. 

The  instrument  employed  was  the  same  referred  to  in  my 
next  paper  ''on  the  use  of  the  spectroscope  in  observing  con- 
tacts at  a  solar  Eclipse/'  A  comet  seeker  of  four  inches 
aperture  and  thirty  focal  length,  throws,  by  the  help  of  an  eye- 
piece, an  image  of  the  sun,  about  two  inches  diameter,  upon 
the  slit  of  the  spectroscope.  The  collimator  and  observing  tel- 
escope of  the  spectroscope,  made  by  Clark,  have  each  an  aper- 
ture of  two  and  a  quarter  inches  and  a  focal  length  of  about 
seventeen  inches.  The  dispersion  is  produced  by  a  train  of 
five  heavy  flint  glass  prisms  with  angles  of  45°,  each,  and  faces 
two  and  a  quarter  by  three  inches.  They  give  a  refraction  of 
165°  (for  the  D  line)  and  a  dispersion  of  about  18°  from  A  to 
H.  The  eye  telescope  is  carried  over  the  spectrum  by  a  tan- 
gent screw,  but  all  determinations  of  the  positions  of  lines 
have  to  be  made  by  a  micrometer  in  the  eye-piece.  The  instni- 
ment  is  provided  with  an  arrangement  for  throwing  an  air 
spectrum  formed  between  platinum  wires  by  the  spark  from  an 
induction  coil,  into  the  field  of  view  along  side  of  the  spectnun 
under  observation. 

While  the  eclipse  was  coming  on,  special  attention  was 
directed  to  the  moon's  limb,  in  order  to  detect  if  possible  indi- 
cations of  an  atmosphere.  The  results  were  solely  and  re- 
markably negative.  The  dark  lines  of  the  solar  spectrum 
came  up  squarely  and  exactly  to  the  moon's  limb  without  the 
slightest  curvature  or  distortion,  whether  the  slit  was  tangent 


ASTBONOMT.  79 

or  perpendicular  to  it.  The  contrast  in  appearance  between 
the  limb  of  the  son  and  that  of  the  moon  was  very  striking. 
When  the  image  of  the  son's  limb  was  brought  to  the  middle 
of  the  slit  the  line  of  demarkation  between  the  bright  and  dark 
portions  of  the  spectrum  was  always  more  or  less  hazy,  how- 
ever carefully  the  instrument  might  be  put  in  focus ;  different 
portions  of  the  limb  also  differed  very  much  from  each  other 
in  this  respect,  some  being  far  less  sharp  than  others;  but 
when  the  moon's  limb  was  similarly  placed  it  was  as  sharp 
as  could  have  been  drawn  with  a  pen.  Of  course  the  cloud- 
like nature  of  the  solar  photosphere  accounts  for  its  com- 
paratively indefinite  outline.*  Secchi's  contmtious  spectrum  at 
the  edge  of  the  sun  I  have  never  seen;  the  stratum  which 
produces  it  (if  there  is  such  a  stratum)  must  have  a  thickness 
little  if  at  all  exceeding  1".  During  the  totality  there  was  in 
the  field  of  the  spectroscope  a  faint  continuous  spectrum,  un- 
doubtedly from  the  corona,  without  any  visible  traces  of  dark 
lines ;  a  fact  rather  surprising,  considering  the  polarization  of 
this  light,  which  was  so  complete  that  when  the  axis  of  a  tour- 
maline, held  in  the  hand  over  the  eye-piece,  was  placed  parallel 
to  the  limb  of  the  sun  the  faint  spectrum  nearly  vanished. 

Upon  this  spectrum  were  superposed  a  number  of  bright 
lines  when  the  image  of  a  prominence  was  thrown  upon  the 
slit.  Nine  of  them  were  seen  by  me,  viz. :  C,  K^  1017.5  (near 
D)  and  which  for  convenience  I  will  refer  to  as  the  D^  line ;  a 
faint  line  near  1250  ^(by  estimation),  another  faint  line  about 
-ff'1350  (also  by  estimation),  a  conspicuous  line  K 1474  (3503 
of  my  scale)  just  below  E^  F;  a  pretty  conspicuous  line  at  K 
2605  ±2  (by  measures),  K  2796,  just  below  G,  and  h.  I 
did  not  see  any  line  at  &,  but  presume  it  was  passed  over 
without  proper  examination  in  the  manner  I  will  presently  ex- 
plain. There  can  be  no  doubt  I  think,  that  it  was  conspicu- 
ous enough  in  the  great  prominence  on  the  W  edge  of  the  sun, 
as  seen  by  others.  But  in  sweeping  along  the  spectrum  with 
my  tangent  screw  beginning  at  0, 1  noticed  on  coming  to  the 
1474  line  that  it  extended  dear  across  the  spectrum  which  was 
not  the  case  with  the  0  and  D  lines,  since  the  protuberance  on 

*  ThiB  polarization  may  haye  been  produced,  as  suggested  by  Prof.  Pickering, 
]>y  the  snccessive  refractions  at  the  faces  of  the  prisms. 
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the  SE  limb  then  on  the  slit  only  had  a  height  of  aboat  1^'. 
(The  slit  is  2'  54"  in  length.)  This  fact  at  once  arrested  atten- 
tion and  led  to  the  suspicion  that  this  line,  K,  1474  (which  I 
first  noticed  in  July,  and  described  in  the  last  number  of  the 
Journal  of  the  "  Franklin  Institute,"  published  a  few  days  he- 
fore  the  eclipse)  was  not  a  protuberance  line  at  all,  but  due  to 
the  corona;  and  on  moving  the  slit  of  the  instrument  entirely 
off  from  the  protuberance  this  line  remained,  while  the  golden 
I>8  line  disappeared. 

It  now  became  necessary,  on  account  of  the  moon's  advance, 
to  bring  the  other  side  of  the  sun's  image  to  the  slit  by  the  right- 
ascension  screw ;  and  I  imagine  that  while  the  assistant  was 
doing  this  I  continued  to  carry  along  the  spectroscope-tele- 
scope by  its  tangent  screw,  thus  passing  over  the  region  of  &, 
while  the  telescope  was  pointed  nowhere  in  particular.  But  I 
am  ashamed  to  say  that  I  have  no  recollection  at  all  about  it, 
nor  can  I  recall  distinctly  the  behavior  of  the  two  faint  lines 
between  D  and  E,  though  my  strong  impression,  as  recorded 
immediately  after  the  eclipse,  was  that  they  also  were,  like 
1474,  corona  lines.  The  line  K^  2602,  had  its  position  deter- 
mined by  micrometrical  reference  to  K^  2796,  and  just  as  that 
measurement  was  completed  the  sun  came  out,  and  all  the 
new  lines,  not  previously  observed  in  full  sunlight,  instantly 
disappeared.  The  feeling  of  chagrin  and  surprise  at  thus  be- 
ing cut  short  was  almost  overpowering — the  sense  of  wasted 
opportunity  and  personal  imbecility.  No  line  was  seen  at  iT, 
660,  below  (7,  where  I  have  twice  before  seen  and  measured  one. 
I  saw  nothing  of  the  difference  between  the  spectra  of  the  dif- 
ferent prominences  reported  by  some  of  the  observers,  but  as  I 
observed  one  part  of  the  spectrum  with  one  prominence  in  the 
slit,  and  the  rest  with  another,  it  need  not  be  wondered  at. 
While  the  great  dispersive  power  of  my  instrument  gave  great 
advantage  for  the  observation  of  faint  lines,  and  the  accurate 
determination  of  position ;  it  had  also  great  disadvantages  in 
the  smallness  of  the  field,  and  the  time  required  for  an  explora- 
tion of  the  whole  spectrum. 

But  I  wish  to  call  the  special  attention  of  the  section  to 
another  point  in  this  connection.  The  line  K,  1474,  in  the 
corona  spectrum  coincides  with  a  line  in  the  spectrum  of  the 
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Aurora  Borealis  reported,  by  Prof.  Winlock,  in  the  last  number 
of  "Silliman's  Journal,"  at  1550  of  Huggins'  scale,  as  nearly 
as  I  can  determine  by  the  comparisons  of  the  two  scales  given 
in  Prof.  Gibbs'  recent  paper  on  wave  lengths  by  the  method  of 
comparison.  K  the  lines  do  not  absolutely  coincide,  the  dis- 
tance between  them  can  hardly  equal  one  division  of  either 
scale.  The  first  Aurora  Borealis  will  enable  any  one,  with  a 
spectroscope,  to  settle  the  matter  accurately  by  measuring  the 
distance  from  b  (produced  by  burning  a  bit  of  magnesium 
before  the  slit)  to  this  line.  I  have  been  very  much  disap- 
pointed at  not  having  had  an  opportunitj'^  to  do  this  before 
reading  this  paper.  Furthermore,  two  other  of  the  five  Aurora 
lines  reported  by  Prof.  Winlock,  viz. :  1280  and  1400  of  Hug- 
gins'  scale  agree,  fully  within  the  limits  of  error,  with  the  two 
faint  lines  between  D  and  E,  which  I  suppose  are  also  corona 
lines.  Taking  these  facts  in  connection  with  the  peculiar  radi- 
ating structure  of  the  corona  and  some  of  the  prominences, 
and  their  rapid  changes  of  form  and  brilliancy,  does  it  not  be- 
come very  probable  that  our  own  Aurora  Borealis,  and  these 
wonderful  emanations  f^om  the  sun  are  kindred,  if  not  identi- 
cal pheonomena  ? 

Possibly,  hereafter,  spectroscopic  observation  of  the  promi- 
nences, and  of  the  intensity  of  this  corona  line,  which  though 
rather  difllcult  in  my  instrument  could  be  easily  observed  with 
one  of  higher  dispersive  power,  may  lead  to  farther  light  when 
combined  with  magnetic  observations. 

This  line  is  given  by  both  KirchoflF  and  Angstrom  as  an  iron 
line,  though  faint  and  very  close  to  two  other  much  mor6  con- 
Bpichous  lines  produced  by  the  same  substance  ;  the  same  is  also 
probably  true  in  respect  to  the  two  other  lines  of  the  corona, 
which  appear  to  coincide  with  lines  given  as  iron  on  the  charts. 
It  is  certainly  worth  inquiry  if  there  is  not  some  misconception 
in  this,  and  whether,  since  iron  can  scarcely  be  conceived  to 
exist  in  a  gaseous  state  in  those  terrestrial  regions  where  the 
Aurora  Borealis  resides,  it  may  not  always  have  associated 
with  it  some  other  substance,  which  also  can  exist  separately 
as  a  gas  of  inconceivable  tenuity.  But  this  belongs  to  the 
chemists. 

I  ought  to  add  here,  that  since  the  preparation  of  this  paper 
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Prof.  Winlock  has  informed  me  that  he  has  thought  of,  and 
pablished,  the  same  idea  as  to  the  probable  identity  of  our 
Aurora  and  the  Corona,  though  not  based  on  any  comparison 
of  spectra. 


2.  On  a  New  Method  of  Observing  the  First  Contact 
OF  THE  Moon  with  the  Sun's  Limb  at  a  Solar 
Eclipse  bt  means  op  the  Spectroscope.  By  C.  A. 
Young,  of  Hanover,  N.  H. 

At  the  recent  solar  eclipse,  observed  by  the  writer  at  Bur- 
lington, Iowa,  as  a  member  of  the  party,  under  the  direction  of 
Prof.  CoflQn,  Superintendent  of  the  American  Nautical  Alma- 
nac, the  instant  of  the  first  contact  was  determined  by  means 
of  the  spectroscope,  in  a  manner  which  is  believed  to  be 
entirely  novel  and  to  admit  of  much  greater  accuracy  than  has 
ever  been  attainable  heretofore  in  this  kind  of  observation. 

In  the  instrument  employed,  a  telescope  of  four  inches  aper- 
ture and  about  thirty  inches  focal  length  (a  so-called  comet- 
seeker)  was  an*anG:ed  to  throw  an  image  of  the  sun  about  two 
inches  in  diameter  upon  the  slit  of  the  spectroscope.  The  slit 
is  one-eighth  of  an  inch  long ;  its  width  adjustable.  A  circu- 
lar plate  of  brass  about  two  and  a  half  inches  in  diameter, 
with  a  hole  also  one-eighth  of  an  inch  in  diameter  at  its  centre, 
was  attached  by  a  hinge  in  su6h  a  manner  that  it  could  be 
turned  down  over  the  slit ;  it  was  covered  with  paper  and  grad- 
uated by  radiating  lines  'into  angles  of  10'',  and  flnnished  the 
means  of  bringing  on  the  slit  the  portion  of  the  sun's  limb 
which  was  indicated  by  calculation  as  the  point  of  contact. 

A  train  of  five  fiint  glass  prisms,  with  refracting  angles  of 
46°  formed  the  spectrum  which  was  viewed  by  a  telescope  of 
two  and  a  quarter  inches  aperture  (the  same  as  the  col- 
limator) and  about  seventeen  focal  length,  with  a  magnifying 
power  of  eighteen.  The  spectrum,  referred  to  the  limit  of  dis- 
tinct vision,  was  about  one  a^d  three-fourth  inches  wide  by 
four  feet  long.  The  whole  arrangement  was  mounted  equator- 
ifiUy,  with  slow  n^otion  screws,  etc.     I  bave  been  somewhat 
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particular  in  describing  the  instrument  as  it  is  likely  the 
method  about  to  be  presented  for  your  consideration  might 
prove  impracticable  with  a  single  prism  instrument.  High 
dispersive  power  is  neccessary.  The  equatorial  mounting  is 
also  important. 

When  now  the  image  of  the  sun's  limb  is  made  to  bisect 
the  slit  at  right  angles  or  nearly  so,  the  spectrum  will  present 
something  the  appearance  indicated  in  the  diagram.  One-half 
(formed  by  the  sun)  will  be  brilliant,  the  other  will  be  com- 
paratively dark,  being  formed  mostly  by  the  light  reflected 
from  the  air  in  the  sun's  immediate  neighborhood.  The  spec- 
trum of  the  sun's  chromosphere,  however,  is  superposed  upon 
the  air  spectrum  and  becomes  visible  in  certain  bright  lines, 
especially  the  C  line,  which  is  by  far  the  most  easily  observa- 
ble; and  the  effect  is  this:  most  of  the  dark  lines  extend 
clear  across  both  portions  of  the  spectrum,  the  dusky  as 
well  as  the  brilliant ;  not  so  with  the  C  line.  This  is  intensely 
black  on  the  brilliant  portion  of  the  spectrum,  but  is  continued 
in  the  dusky  portion  by  a  little  needle  of  brilliant  red  light,  of 
a  length  ranging  in  my  instrument  from  an  eighth  of  an  inch 
upwards.  When  a  protuberance  is  in  the  slit  it  often  reaches 
clear  across,  but  generally  is  not  more  than  a  quarter  of  an 
inch  long.  In  other  words,  the  C  line  instead  of  simply  ex- 
tending across  the  whole  spectrum  like  the  other  lines,  has  a 
portion  of  its  length,  beginning  at  the  boundary  between  the 
bright  and  dusky  portions  and  extending  into  the  dusky  por- 
tions, replaced  by  a  bright  line.  This  bright  line  is  usually 
somewhat  pointed  at  the  outer  end. 

Now  suppose  that  the  portion  of  the  limb  on  the  slit  is  that 
where  the  moon  is  to  strike.  As  the  depth  of  the  chromo- 
sphere is  seldom  less  than  ten  to  fifteen  seconds  of  arc,  the 
moon  will  reach  its  outer  edge  some  twenty  or  thirty  seconds 
before  the  time  of  true  contact  with  the  sun's  limb,  and  the  ob- 
server will  see  the  little  red  needle  which  I  have  described; 
first  squarely  truncated, — its  point  cut  oflT — and  then  gradu- 
ally and  steadily  shortened  until  at  the  instant  of  actual  con- 
tact it  disappears,  and  the  0  line  becomes  exactly  like  its 
neighbors.  The  observation  in  this  way  is  as  easy  and  certain 
as  that  of  the  transit  of  a  moderately  slow  star.    I  do  not 
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think  an  error  of  more  than  half  a  second  poBsible  with  reason- 
able care,  and  it  ought  to  be  less. 

At  the  eclipse  of  August  7, 1  saw  in  the  manner  I  have  de- 
scribed, the  moon's  approach  to  the  sun's  limb,  and  noted  its 
contact  about  five  seconds  earlier  than  any  of  those  who  were 
observing  by  the  ordinary  methods,  and  differed  among  them- 
selves some  ten  seconds.  I  have  been  much  gratified  also  to 
learn  from  Prof.  Mayer,  who  had  chaise  of  the  photographic 
operations  of  our  party,  that  the  time  of  first  contact,  deduced 
by  measurement  and  computation  from  a  photograph  taken  as 
soon  as  possible  after  the  contact  had  been  signalled  to  him 
from  the  other  observers,  agrees  with  my  own  observation 
within  three-tenths  of  a  second. 

The  same  method  would  of  course  apply  with  slight  modifi- 
cations, to  the  observation  of  the  other  contacts,  but  I  am  not 
aware  that  it  presents  au}"^  advantage  over  the  older  methods. 

I  desire  to  call  special  attention  to  the  applicability  of  this 
method  in  the  approaching  Transits  of  Venus.  Undoubtedly 
the  atmosphere  of  the  planet,  and  irradiation  will  interfere 
with  its  accuracy  to  some  extent,  but  I  think  no  more  than 
with  other  methods,  and  it  must  certainly  be  much  to  the 
observer's  advantage  to  be  able  thus  to  perceive^  if  he  cannot 
be  properly  said  to  a«e,  the  planet  before  she  strikes  the  sun, 
and  watch  her  approach. 

At  the  internal  contact  also,  I  think  the  sudden  formation  of 
a  long  horizontal  line  of  light  extending  the  whole  length  of 
the  spectrum  would  be  a  much  better  phenomenon  to  observe 
accurately  than  the  rupture  of  the  black  ligament,  about  which 
so  much  has  been  said  in  this  connection. 

I  cannot  help  feeling  that  this  method  of  observation  ought 
to  be  provided  for  in  any  expeditions  that  may  be  sent  out  to 
observe  the  Transits.* 

*  Haying  lately  receiyed  the  yolmne  of  the  Comptes  Rendus  of  the  French  Acad- 
emy of  Sciences  tor  the  first  half  of  the  current  year,  I  find  that  I  haye  been  antici- 
pated by  M.  Faye  in  respect  to  this  method  of  obserying  the  contact  of  an  opaqne 
body  with  the  disc  of  the  sun.  At  the  session  of  Monday,  January  11th,  1869,  in  a 
diseuBsion  upon  the  obseryation  of  the  coming  transit  of  Venus,  he  proposed 
essentially  the  same  use  of  the  spectroscope  which  I  haye  described  in  the  foregoing 
article. 
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3.  Observations  on  the  Eclipse,  with  an  Arago's  Polari- 
scoPE  AT  Mt.  Pleasant,  Iowa.  By  Edward  C.  Pick- 
ering, of  Boston,  Mass. 

Observations  of  previous  eclipses  have  led  to  the  belief  that 
the  light  of  the  corona  isl  polarized  in  planes  passing  through 
the  centre  of  the  sun,  and  therefore  that  it  shone  by  reflected 
light.  It  was  with  the  expectation  of  verifying  these  views 
that  I  prepared  an  Arago's  polariscope  to  observe  the  recent 
eclipse.  This  instrument  consists  of  a  tube  closed  at  one  end 
by  a  double  image  prism  of  Iceland  spar,  and  at  the  other  by  a 
plate  of  quartz.  Looking  through  the  spar  we  see  two  images 
of  the  quartz  of  complementary  colors  (in  this  case  blue  and 
orange)  when  the  light  is  polarized.  Although  this  polar- 
iscope is  somewhat  less  delicate  than  that  of  Savart,  yet  it 
enables  us  to  determine  the  condition  of  the  light  emanating 
from  every  part  of  an  object,  by  noting  the  color  of  its  image. 
If,  now,  the  corona  was  polarized  as  above  described,  in  one 
image  the  upper  and  lower  parts  would  be  blue,  those  on  the 
right  and  left  yellow ;  while  in  the  other  image  these  colors 
would  be  reversed,  the  yellow  above  and  below,  and  the  blue 
on  the  sides.  In  reality  the  two  images  were  precisely  alike, 
and  colorless.  But  one  was  on  a  blue,  the  other  on  a  yellow 
background.  Consequently  the  corona  was  not  polarized. 
This  does  not  prove  that  the  corona  is  self-luminous,  as  the 
light  reflected  by  the  clouds  is  unpolarized,  and  in  general 
polarization  is  produced  by  specular,  and  not  by  diflhse  reflec- 
tion. The  colored  background  proves  that  the  sky  close  to  the 
corona  was  strongly  polarized  in  a  plane  which  was  independ- 
ent of  the  position  of  the  sun,  since  it  was  the  same  on  all 
sides  of  it. 

The  following  explanation  of  this  curious  effect  is  suggested. 
The  earth  beyond  the  limits  of  the  shadow  is  strongly  illumi- 
nated and  acts  as  an  independent  source  of  light.  The  reflec- 
tion of  its  light  by  the  sky,  would  produce  the  effect  just 
described. 

The  corona  was  also  examined  by  a  double  image  prism  of 
spar,  and  by  this,  also,  was  seen  to  be  unpolarized. 
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IV.    ELECTRICITY. 

1.   Causes  op  the  Failure  of  Lightning  Rods.     By  James 
BusHEE,  of  Worcester,  Mass. 

Perhaps  few  subjects  can  be  deemed  of  greater  practical  in- 
terest to  the  public  than  that  of  protecting  life  and  property 
from  the  effects  of  atmospheric  electricity. 

Since  the  time  of  Franklin,  the  well  known  metallic  rods 
have  been  used  in  this  and  other  countries,  as  a  means  of  se- 
curity, and  scientific  men  have  very  generally,  if  not  univer- 
sally, acknowledged  their  utility,  when  the  laws  of  electricity 
are  properly  regarded. 

In  this  section  of  New  England,*  thunder  storms  are  com- 
mon during  the  summer,  and  sometimes  very  violent,  while 
certain  localities  seem  to  be  more  especially  exposed  to  fre- 
quent and  powerful  electric  discharges. 

In  some  casual  observations  of  the  effects  of  lightning,  my 
attention  was  called  to  the  significant  fact  that  a  large  majority 
of  the  buildings  injured  by  lightning  had  rods  attached  to 
them  for  the  purpose  of  protection. 

Instances  were  not  unfrequent  where  dwelling  houses,  with 
rods,  were  ^^ struck**  and  damaged,  while  those  in  the  immedi- 
ate vicinity,  without  rods,  escaped  unharmed  ;  sometimes  houses 
with  no  rods  have  stood  many  years  uninjured,  but  soon  after 
the  application  of  rods  they  have  been  struck  by  lightning. 

Such  facts  have  led  some  candid  and  intelligent  persons  to 
doubt  the  efficiency  of  lightning  conductors,  while  others  have 
been  induced  to  reject  them  altogether  as  wrong  in  principle 
and  dangerous  in  practice.  But  error  in  the  interpretation  of 
phenomana,  or  in  the  application  of  a  scientific  truth,  does  not 
invalidate  the  integrity  of  the  principle  itself.  The  fundamen- 
tal idea  of  Franklin  is  doubtless  correct,  and  the  unfavorable 
results  so  often  witnessed  are  but  the  legitimate  firuits  of 
wrong  application.  If  so  it  is  evident  the  cause  of  failure 
lies  in  defects  which  have  a  potential  remedy,  and  that  too  in 
the  truthfulness  of  the  very  law  which  is  often  uigustly  made 
*  Worcester,  Mass. 
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responsible  for  consequences — for  the  evils  invariably  disap- 
pear just  in  proportion  as  we  are  enabled  to  fulfil  the  highest 
conditions  of  that  law. 

What  then  is  the  cause  of  the  many  casualties  from  light- 
ning where  rods  are  used? 

With  the  view  of  meeting  this  enquiry  I  have  made  it  a 
special  point  for  several  years  past  to  examine,  as  carefully  as 
I  could,  the  principal  accidents  which  have  come  to  my  knowl- 
edge in  Worcester  and  vicinity ;  also  various  cases  of  interest 
in  other  localities. 

From  obvious  results  of  observation  it  appears:  —  1.  That 
buildings  have  been  struck  in  numerous  instances,  and  more  or 
less  damaged,  with  all  the  diflPerent  kinds  of  rods  commonly 
used  in  New  England,  irrespective  of  form,  style  or  material  — 
whether  of  iron  or  copper — not,  however,  that  all  are  equally 
defective,  or  that  all  are  constructed  with  equal  fidelity  and 
scientific  skill,  but  none  have  completely  fulfilled  the  object  in- 
tended. 2.  That  the  leading  defects  of  rods  in  general,  and 
the  cause  of  failure  to  protect  buildings,  are  due,  in  pait,  to 
their  construction  and  arrangement,  but  principally  to  their  im- 
perfect connection  with  the  ground^  and  the  inadequate  conduct- 
ing power  of  the  materials  with  which  the  rod  comes  in  contact. 

As  regards  the  construction  and  application  of  the  rod  the 
directions  usually  given  by  good  writers  on  the  subject  are  all, 
perhaps,  that  could  be  desired,  if  they  were  properly  observed 
by  constructors ;  but  first  principles  are  too  often  sadly  over- 
looked in  the  outset — besides  the  rod  is  liable  to  become  de- 
fective by  long  neglect.  The  joints  should  be  kept  in  perfect 
contact  to  preserve  the  entire  continuity  of  the  conductor.  If 
the  rod  is  badly  rusted,  especially  the  part  connected  with  the 
ground,  its  capacity  for  conveying  a  heavy  charge  is  materially 
impaired.  When  the  tip  of  the  rod  becomes  oxidated  and 
blunt  the  charge  is  liable  to  become  more  sudden  and  disrup- 
tive, whereas  a  sharp  and  perfect  point  receives  the  electricity 
gradually  and  begins  to  effect  a  discharge  at  a  greater  distance, 
giving  time  for  the  whole  charge  to  be  harmlessly  conveyed  to 
the  earth. 

Short  crooks  towards  the  building,  and  abrupt  changes  in 
the  size  or  conductivity  of  the  rod,  tend  to  induce  lateral  dis- 
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charges.  The  rod  should  not  diminish  in  size  or  capacity  from 
the  top  downwards,  but  rather  increase  in  conducting  power  aa 
the  charge  descends. 

An  objectionable  feature  in  the  application  of  the  rod  ap- 
pears where  two  or  more  receiving  points  are  erected  upon  the 
roof,  and  terminated  in  a  single  rod  extending  to  the  ground, 
or  where  the  rod  is  turned  upward  from  the  point,  over  some 
higher  parts  of  the  roof,  even  higher  than  the  point  itself. 

In  such  cases  it  is  found  that  the  lateral  discharge  usually 
takes  place  at  the  lowest  point  of  the  bend,  or  at  the  point  of 
junction  where  two  or  more  rods  terminate  in  one. 

Independent  of  any  hjrpothesis,  as  to  the  nature  of  electri- 
city or  its  mode  of  action;  whether  any  distinct  fluid  ever 
passes  up  or  down  the  rod  in  case  of  a  thunder  storm ;  or 
whether  all  the  effects  witnessed  are  due  simply  to  induction 
and  polarization,  there  is  no  less  actuality  and  power  in  its  op- 
eration. The  agency  with  which  we  have  to  deal  is  no  less  real 
or  tangible  in  its  effects.  We  may  therefore  regard  electrical 
phenomena  as  the  result  of  a  dynamic  force  which  bears  a  strik* 
ing  analogy,  in  some  respects,  to  other  forces  that  are  governed 
by  well  known  dynamic  laws.  So  far  then,  as  this  analogy 
holds,  it  may  lend  some  aid  in  forming  correct  conclusions. 

Suppose  for  example  a  rod  has  two  arms,  or  branches, 
erected  perhaps  upon  the  chimneys  of  a  house,  and  forming  a 
connection  with  the  main  rod  somewhere  on  the  roof ;  and  sup^ 
pose,  also,  that  the  electric  force  is  conceived  to  act  from  the 
top  downwards,  requiring  time  for  its  transmission  through  the 
rod.  Now  should  a  heavy  charge  be  received  at  the  same  time 
upon  both  arms  of  the  rod,  the  two  electric  forces  pursuing 
the  irrespective  channels  of  conduction,  rush  together  at  the 
point  of  junction,  where,  for  an  instant,  the  intensity  is  greatly 
increased,  while  the  single  rod  below  this  point  being  no  larger 
than  either  branch,  and  having  but  half  the  conducting  power 
of  both,  is  unable  to  carry  the  double  charge  so  suddenly  im- 
posed upon  it,  and  hence  a  portion  of  the  burden  is  forced  to 
seek  an  unnatural  channel  of  escape  through  the  building. 

A  moderate  charge  even,  which  the.  capacity  of  the  rod  might 
easily  convey,  under  favorable  circumstances,  may  became  so 
intensified  at  certain  points,  by  a  sudden  augmentation  of  elec- 
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tricity — as  by  the  meeting  of  opposite  currents,  or  an  abrupt 
reduction  of  conductivity — that  a  lateral  discharge  would  en- 
sue before  requisite  time  could  elapse  for  the  electric  force  to 
adjust  itself  to  the  new  condition  of  things.  This  arrange- 
ment appears  to  be  equivalent  to  reducing  at  once  the  conduct* 
ing  power  of  the  rodto  half  its  form^  dimensions.* 

The  second  and  principal  cause  of  failure  is  due  to  the  defec- 
tive mode  of  connecting  the  rod  with  the  ground;  the  inadequate 
means  provided  for  the  escape  of  the  charge  from  the  conductor 
into  the  earth. 

It  is  a  common  practice  to  run  the  rod  into  the  ground  from 
four  to  six  feet,  or  until  it  is  supposed  to  reach  the  moist  earth, 
and  this  is  generally  considered  quite  sufficient  for  all  practical 
purposes,  and  the  numerous  agents  employed  by  different 
manufacturing  companies  to  supply  rods  throughout  the  coun- 
try, seem  to  believe  that  when  thus  much  is  done  their  duty  is 
fhlly  accomplished,  and  that  the  rod  can  then  be  left,  in  good 
faith,  as  a  safe  and  reliable  protection. 

It  is  well  known  that  loam,  sand  and  gravel,  are  compara^ 
tively  poor  conductors  of  electricity,  and  experience  proves 
that  these  materials,  in  the  ordinary  modes  of  fitting  the  rod, 
fhmish  very  inadequate  means  of  conveying  a  heavy  charge  to 
the  earth. 

There  is  generally  no  enlai^ement  or  extension  of  surface 
where  the  conductor  enters  the  ground,  but  merely  a  continual 
tion  of  the  same  rod  used  on  the  building,  thus  presenting  a 
very  limited  surface  to  partial  contact  with  imperfect  conduct- 
ing materials.  It  is  true  a  light  charge  under  such  circum- 
stance may  be  safely  carried  away,  but  when  the  cloud  flimishes 
a  copious  supply  of  electricity  and  the  point  is  in  a  perfect 
condition,  the  rod  receives  the  charge  with  great  facility,  and 
if  its  passage  to  the  earth  is  opposied  by  inferior  conductors,  a 
disruptive  discharge  through  some  part  of  the  building  would 
naturally  foUow. 

*The  deitets  of  this  arrangement,  ao  fax  as  the  above  remarks  are  designed  to 
be  more  especiaUy  appUcable,  appear  more  prominent  when  other  defects  exist; 
when  the  tip  of  the  rod  is  imperfect,  and  the  charge  enters  upon  it  more  or  less 
abroptly,  or  when  the  resistance  at  the  earth  prevents  a  free  escape  of  the  charge. 
If  the  rod  were  in  a  perDBct  condition,  in  other  respects,  accidents  from  this  con- 
stmctlon  would  perhaps  rareiy  if  ever  occur. 

*    ▲.▲.A.S.VOL.XVm.  19 
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If  the  rod  were  perfectly  insulated  it  would  receiTe  the  elec- 
tricity as  before,  but  in  this  case  the  whole  charge  would  leave 
the  rod  by  an  explosive  discharge.  Again  were  the  rod  par- 
tially insulated,  that  is  connected  with  the  earth  by  poor  con- 
ductors, then  a  part  of  the  charge  would  be  gradually  and 
silently  transmitted  through  these  conductors  while  the  surplus 
would  escape  by  explosion. 

The  relative  power  of  the  point  to  receive,  and  of  the  ma- 
terial connected  with  the  rod  to  impart  electricity,  is  a  practical 
question  in  its  bearing  on  this  subject,  and  worthy  of  more 
careful  attention  than  it  has  generally  received. 

Where  the  resistance  is  very  considerable,  as  it  always  must 
be  when  the  rod  is  merely  inserted  in  the  ground  as  usual,  the 
points  receive  electricity  from.the  clouds  with  greater  freedom 
than  it  is  discharged  to  the  earth,  and  the  liability  of  accident 
increases  in  proportion  as  the  receiving  power  of  the  rod  ex- 
ceeds the  discharging  power.  A  way  is  opened  through  the 
pointed  conductor  for  a  free  passage  of  electricity  from  the 
cloud  to  the  rod,  but  the  channel  of  escape  to  the  earth  is  prac- 
tically closed. 

The  rod  thus  becomes,  so  to  speak,  a  reservoir  of  intense 
electric  force,  and  when  the  tension  is  increased  beyond  certain 
limits  the  surplus  charge,  yielding  unwilling  obedience  to  forced 
circumstances,  breaks  away  from  its  proper  channel.* 

In  such  cases  the  tip  of  the  rod  is  often  burned  or  fhsed,  the 
glass  insulators,  if  such  are  used,  broken  and  thrown  from  their 
places,  and  frequently  the  ground  where  the  rod  enters  more 
or  less  disturbed  and  torn  up. 

The  point  of  lateral  discharge  may  be  determined  by  yarious 
circumstances  ; — by  a  short  bend  in  the  rod  towards  the  build- 
ing ;  by  the  junction  of  two  or  more  branches  of  the  rod ;  by 
the  near  approach  of  a  good  conductor,  as  a  bell  wire,  or  gas 
pipe,  etc. ;  stove  pipes,  iron  ware,  etc.,  stowed  away  near 
where  the  rod  passes. 

These  remote  influences,  however,  must  not  be  mistaken  for 
the  primary  cause  of  the  casuality.    In  case  of  the  explosion 

*Tlii8  condition  of  the  rod  may  be  conceiyed,  m  somewhat  analogous  to  the 
hose  of  an  hydraulic  enghie,  with  a  fbrcing  pump  plying  at  one  end  while  the 
other  end,  instead  of  admitting  a  i^ree  outlet  for  the  water,  is  firmly  closed  except 
some  lateral  apertures. 
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of  a  steam  boiler,  luider  extreme  pressure,  the  slightest  irregu- 
larity in  the  unifonij  thickness  or  strength  of  the  boiler  would 
be  sufficient  to  determine  the  point  of  rupture.  So  when  a 
lightning  conductor  is  subjected  to  all  the  charge  it  can  bear, 
in  consequence  of  resistance  at  the  earth,  a  very  slight  circum- 
stance would  turn  the  balance  of  force  in  favor  of  a  lateral  dis- 
cbarge. 

There  is,  indeed,  good  reason  to  believe  that  nine-tenths  of 
the  cases  noticed,  where  the  rod  has  failed  to  accomplish  its 
purpose,  are  really  due  to  an  overcJiarge^  caused  by  the  resist- 
ance of  the  passage  of  electricity  into  the  earth. 

In  the  most  severe  disasters  the  rod  is  invariably  found  to 
be  very  imperfectly  connected  with  the  ground,  being  usually 
much  oxidated,  and  often  extending  not  more  than  two  or 
three  feet  into  dry  earth,  or  into  sand  or  gravel  nearly  dry,  by 
which  its  conducting  communication  witli  the  ground  is  almost 
entirely  destroyed. 

But  the  general  efibcts  are  observed  to  be  less  and  less 
marked,  as  the  condition  of  the  rod  is  improved  and  resistance 
to  a  free  exit  of  the  charge  diminished. 

There  are  three  kinds  of  rods  very  common  in  New  England, 
viz. :  Lyon's  Patent  Copper  Rod,  the  North  American  Light- 
ning Rod — galvanized  iron,  and  the  Quimby  Rod,  made  of 
small  nail  rods  in  their  rough  state. 

Perhaps  a  less  proportion  of  serious  accidents  have  occurred 
with  Lyoh's  rod  than  with  either  of  the  others  mentioned,  yet 
more  than  eighty  cases  of  this  rod  have  been  reported  from 
Worcester  county  alone,  where  slight  damage  occurred,  or  more 
or  less  evidence  appeared  that  a  charge  had  passed  the  rod. 

Sometimes  the  scorching  or  burning  of  leaves  and  grass  near 
the  rod  would  be  the  only  traces  of  electricity  visible.  In  other 
cases  the  gi'ound  about  the  rod  would  be  more  or  less  disturbed 
and  torn  up,  or  the  house  perhaps  slightly  injured  by  a  charge 
passing  on  to  the  sill,  tearing  off  some  clapboards,  splitting  the 
timber,  and  finally  disappearing  in  the  cellar  or  making  its  es^ 
cape  outside  through  a  pool  of  water  left  by  the  recent  shower. 

Such  phenomena  are  of  very  frequent  occurrence,  and  clearly 
point  to  the  same  ultimate  cause  of  disaster — the  ground  re- 
aistance. 

In  these  cases  the  rod  seemed  to  perform  its  functions  so  far 
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as  it  could.  The  charge  was  conveyed  from  the  clouds  to  the 
earth  but  was  arrested  in  its  progress  irito  the  earth,  and  in 
forcing  a  passage  to  better  conductors  produced  the  effects  ob- 
served. 

The  tendency  of  a  charge  to  leave  the  rod  is  greater  at  or 
near  the  point  of  greatest  resistence,  and  the  various  effects  of 
an  overcharge,  so  very  generally  exhibited  at  the  lower  portion 
of  the  rod,  sufficiently  indicate  the  primary  source  of  failure. 
While  it  is  quite  unnecessary  to  detail  individual  cases  for  the 
sake  of  farther  illustration,  a  single  instance  of  remarkable 
mechanical  effect  upon  the  rod  may  be  briefly  stated. 

Lyon's  patent  consists  of  a  copper  ribbon  so  folded  or 
crimped  that  the  cross  section  forms  an  S,  The  rod  is  then 
twisted  onoe  in  twelve  or  fifteen  inches  in  order  to  give  it 
greater  firmness. 

In  the  summer  of  1859  this  rod  was  placed  upon  a  new 
house  in  North  Brookfield,  Mass,,  and  was  terminated  in  the 
embankment  formed  by  sand  and  gravel  thrown  out  of  the  cel- 
lar, but  was  not  carried  deep  enough  to  reach  the  original  soil. 
During  the  summer  this  gravel,  so ^ far  as  the  rod  penetrated, 
became  very  dry,  and  in  this  condition  the  rod  was  subjected 
to  a  severe  charge  of  electricity.  The  consequence  was  the 
twist  was  completely  taken  out  of  the  rod  throughout  its  entiriB 
length,  and  the  folds  or  flanges  brought  flrmly  together  as  if  by 
the  force  of  a  hammer  or  the  pressure  of  heavy  rollers.  The 
charge  escaped  where  the  rod  entered  the  ground,  throwing  up 
large  quantities  of  dry  earth  and  making  a  deep  furrow  some 
flfteen  or  twenty  feet  in  length,  as  if  a  large  plow  had  passed 
through  the  ground.  The  house  remained  uninjured,  no  part  of 
the  charge  having  left  the  rod  till  it  reached  the  earth.  This 
indeed  is  au  extreme  case,  and  so  far  as  I  know  unparalleled  in 
some  of  its  effect,  yet  it  is  but  a  more  forcible  illustration  of 
the  point  in  question — the  ground  resistance.  Here  is  the 
main  idea  designed  to  be  brought  out  in  this  part  of  my  paper, 
and  the  prominent  cause,  no  doubt,  of  the  numerous  casualties 
so  dishonorable  to  the  confidence  and  good  faith  which  light- 
ning rods  should  justly  merit. 

It  now  remains  to  consider  the  best  means  of  removing  the 
"  cause  of  the  failure  of  lightning  rods."  This  will  form  the 
subject  of  another  paper. 
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2,   Conditions  of  ▲  Perfect  Lightning  Rod.    By  James 
BusHEE,  of  Worcester,  Mass. 

While  considering  the  defects  of  a  lightning  rod  in  a  former 
paper,  the  necessary  conditions  of  a  perfect  security  have  been 
in  some  degree  anticipated. 

A  rod  performs  its  functions  when  it  conveys  the  heaviest 
charge  from  the  cloud  to  the  earth  without  sensible  effects ; 
but  in  order  to  remove  all  liability  of  accident  it  should  be 
capable  of  doing  more  than  this. 

No  machine  can  be  worked  to  its  utmost  capacity  without 
hazard.  The  rod  should  always  have  some  working  capacity 
In  reserve.  The  whole  charge  ought  to  pass  to  the  earth  with 
such  perfect  freedom  as  to  avoid  high  intensity  in  any  part  of 
the  rod,  thus  rendering  a  lateral  discharge  impossible,  or  ex 
tremely  improbable. 

If  the  earth  were  a  perfect  conductor  of  electricity  nothing 
more  would  be  necessary  to  secure  the  requisite  conditions 
than  simply  to  connect  the  rod  with  the  ground.  But  since 
there  is  a  wide  contrast  between  the  conducting  power  of  the 
earth  and  that  of  the  rod,  and  since  this  affords  sufficient 
cause,  as  proved  by  observation  and  experiment,  to  obstruct 
and  divert  the  charge,  or  a  portion  of  the  charge,  from  its 
proper  channel,  it  follows  that  the  elements  of  a  perfect  rod 
can  only  be  secured  by  removing  all  obstructions  from  the 
direct  pathway  of  the  charge. 

While  absolute  perfection  is  doubtless,  from  the  nature  of 
the  case,  impossible,  a  near  approximation  is  easily  attainable, 
simply  by  taking  advantage  of  the  extensive  ranges  of  metallic 
gas  pipes  and  water  pipes,  with  which  our  cities  and  large 
towns  are  supplied.  These,  no  doubt,  afford  the  best  means  at 
command,  of  forming  a  perfect  connection  with  the  ground, 
and  of  placing  the  rod  in  a  condition  to  perform  its  proper 
ftinctions.  And  this  can  be  done  without  the  least  possible 
injury  to  the  pipes  or  danger  to  the  persons  connected  with 
them.  A  good  rod  in  proper  contact  with  such  pipes  freely 
imparts  to  them  the  most  powerful  charge,  which  becomes 
highly  diffused  as  it  expands  over  an  extended  range  of  sur- 
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face  contact,  where  the  electricity  easily  makes  its  escape  into 
the  earth,  thus  restoring  equilibrium  with  so  little  resistance, 
that  the  desired  object  may  be  regarded  as  completely  at- 
tained, so  far  as  all  practical  purposes  are  concerned. 

Since  accidents,  in  relation  to  these  pipes,  have  sometimes 
occurred  from  lightning  there  seems  to  be  a  strong  prejudice, 
in  the  minds  of  some,  against  connecting  the  rods  in  this  way. 
Such  prejudice,  however,  appears  to  arise  from  not  making 
proper  distinction  between  a  gradual  and  silent  discharge 
through  the  medium  of  a  pointed  conductor,  and  a  sudden  op 
disruptive  discharge  attended  by  explosion,  as  when,  in  popular 
language,  lightning  is  said  to  "strike"  an  object. 

All  the  cases  which  have  come  to  my  knowledge  where  the 
pipes  have  been  damaged,  or  persons  injured,  are  those  of  dis-- 
ruptive  discharge^  in  which  the* pipes  were  struck  when  the 
whole  charge,  after  passing  explosively  through  some  non- 
conductor, rushed  upon  the  pipes  at  once,  producing  widely 
different  results  from  anything  ever  observed  in  a  gradual  dis- 
charge through  tlie  agency  of  points. 

The  effects  of  a  disruptive  discharge  upon  the  pipes  may  be 
various,  according  to  circumstances.  The  joints,  if  connected 
by  an  inferior  conductor,  as  lead  for  instance,  may  be  injured 
in  consequence  of  sudden  resistance,  *  while  a  portion  of  the 
charge,  perhaps,  not  having  time  sufficient  for  dispersion  and 
escape,  flashes  up  the  gas  burners  in  the  immediate  vicmity, 
with  sufficient  force,  perhaps,  to  give  severe  or  even  fatal 
shocks  to  persons  near  them.t    But  nothing  of  this  kind  can 

*  A  case  of  this  Und  occarred  at  New  Hayon  a  few  years  since,  and  noticed  by 
Professor  Siliiman  at  the  Springfield  meeting  of  this  Association. 

The  Joints  of  these  pipes  were  made  tight  by  sheet  lead,  which  was  melted  out 
for  a  considerable. distance  by  a  shock  of  electricity. 

fThe  rec^r  of  St.  James  Church,  Bemon  Smithfleld,  B.  I.,  receiyed  a  shock 
teom  the  gas-burner,  while  sitting  in  his  study,  July,  1886,  which  caused  bis  death 
a  few  months  afterwards. 

The  church  was  near  the  rector's  house,  and  the  lightning  rod  attached  to  the 
steeple  terminated  in  nearly  dry  sand  or  gravel.  A  heavy  charge  passed  down  ths 
rod  to  within  about  ten  feet  of  the  ground,  when  a  lateral  discharge  was  forced 
through  a  portion  of  the  building  to  the  nearest  gas-pipe,  producing  much  damage 
to  the  house  and  the  other  effects  above  mentioned.  Also  several  other  persons  in. 
the  different  neighl>oring  houses  felt  more  or  less  of  the  shock  at  the  same  time. 
Had  the  rods  of  the  church  been  connected  directly  with  tl^e  gas-pipes  I  beliere 
the  charge  would  have  been  carried  off  with  perfect  safety  to  all,  and  no  one  would 
have  experienced  any  sensible  evidence  that  a  charge  had  passed  the  rod. 
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possibly  occur  when  the  charge  is  received  through  a  pointed 
conductor  properly  connected  with  the  pipes. 

In  the  former  case  the  charge  bursts  from  the  cloud  at  once 
and  dashes  upon  the  object,  as  it  were,  with  concentrated  force, 
producing  the  well  known  effects  of  a  "  stroke  of  lightning." 

In  the  latter,  like  a  continuous  stream  of  water  fi'om  a  foun- 
tain, the  cloud  pours  out  its  electricity  upon  the  rod,  gradually 
f^om  which  it  is  promptly  conveyed  to  the  earth  as  harmlessly 
as  it  was  received.  When  a  mill-dam,  confining  a  large  pond 
or  reservoir,  suddenly  breaks  away  the  water  rushes  out  with 
great  violence,  overflowing  the  banks  of  the  stream,  carrying 
off  bridges,  and  sweeping  away  everything  in  its  course. 

This  is  analogous  to  a  disruptive  discharge  of  electricity. 
But  when  the  reservoir  is  drawn  off  graduoJly^  through  a  proper 
gateway,  the  water  is  confined  within  the  banks  of  its  own. 
natural  channel,  and  quietly  pursues  its  course  to  the  ocean. 
This  resembles  a  gradual  discharge  of  electricity  by  a  pointed 
conductor,  when  the  long  ranges  of  metallic  pipes  serve  as 
safe  channels  of  conveyance  into  the  earth.  And  we  have  no 
more  real  cause  to  apprehend  danger  in  one  case  than  in  the 
other. 

"When  such  pipes  are  not  accessible,  a  well,  spring,  or  per-, 
manent  stream  of  wat^r  affords,  perhaps,  the  next  best  means 
of  forming  a  connection  with  the  ground.  Water  furnishes  a 
much  more  perfect  contact  with  the  rod  than  earth  and  gravel, 
and  being  a  much  better  conductor  than  these,  it  is  usually  re- 
garded as  a  safe  and  reliable  mode  of  applying  the  rod,  to 
terminate  it  in  a  well  or  spring  of  water.  And  this  idea  is 
doubtless  correct  in  general,  but  a  well  may  be  so  situated  on 
a  bed  of  clay,  or  in  a  ledge  of  rock,  that  resistance  would 
sometimes  be  sufiQcient  to  cause  lateral  discharge.  It  is  to  the 
difference  between  the  receiving  power  and  the  discharging 
power  of  the  rod  that  we  are  to  look  for  accidents,  rather  than 
to  the  absolute  conductivity  of  the  rod  as  compared  with  water 
or  other  substances  with  which  the  rod  may  be  in  immediate 
contact. 

The  rod  may  sometimes  be  connected  with  a  good  conductor, 
which  may  itself  be  partially  insulated  from  the  general  con- 
ducting medium  of  the  earth  by  certain  geological  conditions. 
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That  a  lightning  rod  will  receive  a  charge  of  electricity 
with  greater  facility  than  a  well  of  water — under  the  circum- 
stances mentioned,  disposes  of  it — seems  to  be  proved  by  the 
fact  that  a  portion  of  the  charge  which  had  descended  the  rod 
to  the  water-,  has  been  known  to  pass  ap  the  lead  pipe  of  the 
pump  into  the  house  and  do  serious  injury.* 

It  would  not  always  be  safe,  therefore,  to  terminate  a  light- 
ning rod  in  a  well  which  is  connected  by  metallic  pipes  with  the 
domestic  departments. 

A  common  water  cistern  also  famishes  an  unsafe  mode  of 
terminating  the  rod,  since  the  brick  and  cement  ordinarily 
used  offers  very  considerable  resistance  to  electricity.  It  is 
for  this  reason,  no  doubt,  that  cisterns  are  frequently  exploded 
by  a  charge  of  electricity  communicated  through  metallic  water 
pipes  connecting  the  eave  trough  with  the  cistern. 

When  neither  of  these  modes  of  connection  is  practicable, 
something  more  is  necessary  to  insure  safety  than  the  veiy 
common  way  of  simply  inserting  the  rod  a  few  feet  into  the 
ground,  which  often  becomes  very  dry  during  the  heat  of  sum- 
mer, the  time  when  thunder  storms  are  most  frequent  and  pro- 
tection the  more  needed. 

.  Yet  it  is  probably  true  that  three-fourths,  if  not  seven* 
eighths  of  the  lightning  rods  in  the  country  terminate  in  this 
manner. 

When  we  consider  the  great  want  of  fidelity,  and  of  a 
thorough  practical  knowledge  of  the  subject,  so  often  mani- 
fested on  the  part  of  the  agents  or  contractors,  and  the  equally 
apparent  want  of  care  and  attention  on  the  part  of  those  whose 
deepest  interest  is  involved,  it  is  not  surprising  that  the  record 
of  casualties  in  Worcester  county  discloses  the  remarkable  fact 
that  a  large  majority  of  the  buildings  damaged  by  lightning  are 
those  having  rods  attached  to  them. 

So  little  attention  has  generally  been  given  to  the  proper 
connection  of  the  rod  with  the  ground,  so  little  importance  at- 

«The  editor  of  the  Woonsocket  Patriot  (S.  S.  Foss),  statei,  that  the  UffhtBinir 
rods  of  his  house  run  into  a  well  in  the  cellar,  which  is  located  on  a  ledge  of  rock, 
and  in  the  summer  of  1868,  during  a  violent  thunder  storm,  one  of  his  domestics 
received  a  severe  shock  l^m  a  pump  connected  with  the  weU  by  lead  pipe.  He 
also  states  that  on  examination  he  found  the  water  low  in  the  well,  but  the  rod  ex* 
tended  below  the  surface  of  the  water  some  distance  at  the  time  of  the  aoddent. 
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tached  to  the  necessary  conditions  upon  which  the  eflaciency  of 
the  rod  depends,  the  free  exit  of  the  charge,  that  instances  are 
not  wanting  where  rods  have  been  erected  upon  public  build- 
ings without  the  least  apparent  regard  to  the  conducting  power 
of  the  materials  with  which  the  rod  was  connected,  and  with  as 
little  thought  of  the  means  by  which  it  was  to  fulfil  its  proper 
functions.* 

The  numerous  accidents  which  are  constantly  presenting 
themselves,  where  rods  are  concerned,  sufficiently  indicate 
either  a  very  mistaken  idea  of  the  necessary  conditions  of 
safety,  or  an  unpardonable  neglect  in  carrying  out  those  condi- 
tions. 

I  have  sometimes  found  but  one  small  rod  connecting  the 
roof  of  a  dwelling  house  with  the  ground,  and  that  extending 
only  two  or  three  feet  into  nearly  dry  gravel. 

In  such  a  case  the  rod  is  worse  than  useless ;  for  instead  of 
protection  the  most  effectual  means  are  unwittingly  used  to 
invite  into  the  house  the  first  charge  of  electricity  that  chances 
to  pass  the  rod. 

The  various  kinds  of  soil  with  which  the  rod  is  liable  to  be 
connected  are  widely  different  in  conducting  capacity,  and  in 
deciding  the  reliability  of  the  rod  it  becomes  important  to  de- 
termine the  conductivity  of  the  ground  as  modified  by  geo- 
logical character  and  physical  condition;  and  this  may  be 
easily  done  so  far  as  it  practically  affects  the  object  of  the 
rod  by  measuring  the  resistance  the  earth  offers  to  the  pas- 
sage of  an  electric  current  tkirough  the  rod  after  it  is  placed  in 
position. 

But  probably  no  kind  of  soil,  even  under  the  most  favorable 
conditions,  possesses  sufficient  conducting  capacity  to  insure 
safety  while  in  the  ordinary  state  of  moisture,  and  simply  in 
contact  with  a  small  rod.  I  repeat  then  some  other  course 
must  be  adopted ;  and  here  I  have  nothing  better  to  offer  than 
to  ui^e  the  necessity  of  carrying  out  in  general  practice  the 
directions  usually  given  by  good  writers  on  the  subject,  but 

'^  When  one  of  the  largest  cbnrchea  In  this  city  was  first  ftimiahed  with  lightning 
rods,  the  main  rod  attached  to  the  spire  was  allowed,  it  is  said,  to  terminate  in  a 
boQlder  of  granite,  in  which  a  hole  was  driUed  for  the  purpose.  This  was  done 
with  the  impression,  if  I  mistake  not,  that  the  solid  rook  woold  be  more  than  a 
**  maich  "  for  the  lightnhig. 
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98  A.    MATHEMATICS,   PHYSICS,   AND   CHEMISTRY. 

which  are  almost  universally  neglected  in  this  country,*  viz. : 
to  enlarge  the  surface  of  the  rod  in  the  ground  by  attaching  to 
it  a  plate  of  copper  which  should  extend  to  a  sufficient  deptii 
to  reach  permanent  moisture  and  then  be  surrounded  by  a  lib- 
eral quantity  of  fine  charcoal  which  is  a  good  conductor. 

For  convenience  the  plate  may  be  turned  out  from  the  build- 
ing horizontally  to  any  distance  it  may  be  found  necessary. 
No  definite  directions  of  general  application  can  be  given  as  to 
the  size  of  the  plate  or  its  depth  below  the  surface,  since  the 
circumstances  are  so  very  different  in  different  localities.  What 
would  be  entirely  sufficient  for  one  place  would  not  answer  for 
another.  The  capacity  of  the  plate  and  connection  with  mois- 
ture should  be  such  as  to  remove  all  undue  resistance,  and  this 
must  be  determined  experimentally  for  each  particular  locality. 
In  this  arrangement  the  deficiency  of  conducting  power  is  com- 
pensated by  increasing  the  surface  contact  with  the  ground,  on 
the  principle  that  a  greater  number  of  poor  conductors  may  be 
equivalent  in  efficiency  to  a  less  number  of  better  conductors. 

But  buildings  may  sometimes  be  located  where  circumstan- 
ces of  some  nature  render  it  impracticable  to  carry  out  any  of 
the  methods  proposed  so  as  to  form  a  proper  ground  connec- 
tion. In  such  cases  points  may  be  used  as  an  efficient  means 
of  relieving  the  rod  so  as  to  prevent  a  disruptive  discharge. 
The  rod  may  be  furnished  with  several  short  points  directed 
from  the  building,  and  its  lower  extremity  connected  with  a 
copper  ribbon  which  should  have  all  the  advantage  of  ground 
connection  circumstances  will  allow,  and  extend  considerable 
distance  from  the  building  (twenty  to  forty  feet),  terminating 
in  a  short  rod  with  points  at  top  and  also  near  the  ground. 
These  lower  points  serve  the  double  purpose,  first,  of  exhaust- 
ing surcharged  atmosphere  near  the  surface,  and  second,  of 
dissipating  and  weakening  a  charge  from  the  clouds. 

I  see  no  reason  to  doubt  that  any  portion  of  the  charge 
which  may  not  have  been  conveyed  into  the  earth  by  conduc- 
tion would  be  dispersed  by  convection  without  surcharging  the 
rod.    The  objection  may  here  arise,  that  the  lower  points  by 

*The  prevalent  defective  mode  of  making  the  ground  connections,  probably 
obtained  on  the  score  of  economy ;  but  that  is  very  poor  economy  'which  neglects 
the  absolute  conditions  of  safety  and  incurs  the  first  expense  of  the  rod  merely  to 
expose  the  house  to  greater  danger  than  before. 
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imparting  the  electricity  to  the  atmosphere  do  not  effect  a 
positive  discharge — that  the  charge  is  merely  transferred  from 
one  locality  to  another,  even  nearer  the  house  than  before,  and 
perhaps  exposing  it  and  other  buildings  in  the  vicinity,  to  still 
greater  danger. 

But  I  think  it  must  be  conceded  that  such  a  transfer  could 
hardly  be  made  without,  at  least,  a  decided  loss  of  electric 
force.  Indeed  every  leaf  twig  and  blade  of  grass,  within  the 
influence  of  the  charge  becomes  so  many  little  lightning  rods 
to  convey  it  into  the  earth. 

Furthermore  should  a  surplus,  from  any  cause,  tend  to  pre- 
ponderate in  the  manner  supposed,  the  very  points  which  im- 
parted it  would  be  as  ready  to  receive  and  convey  it  through 
the  rod  into  the  earth,  or  at  least  a  portion  of  it,  while  the  resi- 
dual may  ascend  the  rod  and  be  imparted  to  the  atmosphere 
above,  and  possibly  several  such  transfers  may  take  place  even 
within  a  very  short  interval  of  time,  yet  weakening,  in  force,'at 
every  vibration,  until  compensation  should  be  restored. 

In  regard  to  houses  with  metallic  roofing,  it  is  supposed  by 
some  that  they  are  not  so  liable  to  be  struck  by  lightning  as 
other  houses  under  similar  circumstances — that  such  a  roof 
serves,  in  some  way,  as  a  shield  of  protection  against  the 
effects  of  lightning,  but  no  good  reason  appears  for  such  a  sup- 
position. It  is  very  probable,  however,  that  a  charge  may 
sometimes  be  received  upon  the  highest  parts  of  the  roof  as  it 
often  is  upon  telegraphic  wires,  and  be  again  diffused  into  the 
atmosphere  through  the  sharp  comers  and  edges  of  the  lower 
portions  of  the  roofing.  Indeed  if  the  usual  points  were 
erected  upon  such  a  roof  and  the  eaves  furnished  with  a  num- 
ber of  good  points  there  is  little  reason  to  doubt  that  they 
would  prove  a  reliable  protection  to  the  building.   ^ 

But  since  houses  with  such  roofing  have  been  sometimes 
struck  by  lightning  and  seriously  damaged,  one  or  two  cases 
having  occurred  within  my  knowledge,*  where  the  roof  was 
literally  destroyed ;  it  would  be  well  to  take  all  possible  pre- 
cautions for  safety.     Good  points  should  be  erected  on  the 

*In  the  Bunmer  of  1869  the  house  of  Mr.  Muzzj  of  Spencer,  Mass.,  was  struck 
bj  lightning  and  much  ix^ured.  The  house  was  without  rods  and  the  roof  covered 
with  tin.  The  charge  entered  the  chimney  through  which  it  passed  outward  on  to 
the  roof,  perforating  and  tearing  up  the  tinning  bo  generally  that  it  was  neces- 
sary to  replace  it  by  an  entire  new  covering, 
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most  prominent  parts  of  the  house,  particularly  upon  the  chim- 
neys and  well  attached  to  the  metallic  surface. 

In  making  the  ground  connections,  however,  it  is  sufficient 
to  affix  the  rods  to  the  comers  or  edges  of  the  roof,  carryiDg 
out  the  directions  already  given  in  their  terminationa  with  the 
ground.  Whenever  proper  contact  cannot  be  made  so  as  to 
remove  resistance  discharging  points  should  always  be  used. 

In  concluding  this  paper  it  is  proper  to  say  that  I  have  at- 
tempted to  consider  the  subject  of  lightning  rods  simply  in  its 
practical  bearing.  It  has  been  not  so  much  my  object  to  pre- 
sent new  facts  or  theories,  as  to  urge  a  better  application  of 
principles  well  known, — to  point  out  some  of  the  most  promi- 
nent defects  in  the  construction  of  rods,  and  finally  to  present 
such  obvious  means  of  removing  these  defects  as  observation 
and  experiment  seemed  to  suggest.  Neither  have  I  pretended 
to  give  a  full  and  detailed  description  of  the  rod.  Nothing 
has  been  said  of  its  height  above  the  roof;  the  number  of 
points  at  the  tip ;  the  mode  of  insulating  and  fastening  to  the 
building ;  of  the  general  style,  form,  size  or  material,  simply 
because  most  of  these  are  deemed  of  minor  importance,  and 
the  great  defects,  which  it  has  been  the  chief  object  to  bring 
out,  are  not  here  found. 


V.    CHEMISTRY. 

1.   On  MoLECULAB  Perturbations.*  By  Gustavus  Hinrichs, 
of  Iowa  City,  Iowa. 

Ant  series  of  compounds  of  like  structure  may  be  written 

RM  (1) 

where  M  represents  that  part  of  these  compounds  which  is 
common  to  all  members  of  the  series,  while  jB  represents  the 
radical  changing  from  one  compound  to  the  other.  Thus  in 
the  nitrates  of  monatomic  radicals 

R'O^N 
we  have 

R=.R'  BXidiM=O^N. 

By  an  application  of  the  general  mechanical  principles  of  the 

*  AlBO  No.  8  of  my  CofUrUbuHom  to  Molecular  SeUnoe, 
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fourth  section  of  my  Atomec^nik  (1867),  the  normal  form  of 
the  atomic  structure,  EM^  can  be  determined.  Already  in  that 
work  it  has  been  done  for  certain  series,  like  the  Tritoids  AB^, 
the  Deltoids,  AB^C^  etc. 

Let  the  axes  of  this  normal  form,  or  the  normcU  axes  of  the 
compound  atom,  EM,  be 

».*  y:  z  (2) 

These  normal  axes  correspond  to  a  given  ideal  case ;  just  as 
the  normal  elliptical  orbit  of  the  planets  corresponds  to  the 
ideal  case  of  but  one  planet  encircling  the  sun,  and  both  bodies 
being  infinitely  small  in  comparison  to  their  mutual  distance. 
The  normal  axes  correspond  to  mviuaXly  eqtuU  atoms  {Atom- 
echanik,  §.  281  and  §.  233). 

Accordingly  there  always  must  be  a  certain  value  of  E  for 
which  the  given  M  will  produce  exactly  the  normal  axes  in  the 
compound  EM.  Let  this  value  of  E  be  represented  by  r. 
Then  the  deviation  of  the  actual  axes 

a:  b:  c  (3) 

from  the  normal  axes  must  be  proportional  to  the  difference 
jB — r.  These  deviations  we  call  molecular  perturbations^  and 
denote  them  in  general  by  tt  ;  in  the  direction  of  a?,  y,  «,  they 
are  denoted,  respectively,  by  ^,  C,  C 

If,  then.  A;  be  a  constant^  mainly  determined  by  Jf,  we  shall 
have,  in  general,  the  molecular  perturbation 

n  =  k  {E—r)  (4) 

A  difference,  E  —  ri=l,  gives  tt  =  A:;  that  is  k  is  the  pertur- 
bation due  to  each  unit  in  the  atomic  weight  of  the  disturbing  ele- 
ment E, 

From  this  it  is  also  apparent  that  the  greater  the  disturbed 
mass  M  the  smaller  must  be  the  coefficient  k;  or,  approxi- 
mately for  comparable  cases, 

k=U—VM  (5) 

where  ?7and  Fare  constants. 

It  is  admitted  that  the  preceding  deductions  are  in  a  more 
popular  form ;  those  who  ask  for  more  formal  mathematical 
developments  are  referred  to  the  latter  part  of  this  paper.    In 
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order  not  to  repel  the  chemist  and  mineralogist,  the  moie 
special  developments  were  deferred  to  this  place. 

The  value  of  r  is  also  determined  mainly  by  M,  Thus  if 
RM  represents  compounds,  resulting  by  synthesis  of  R  and  M 
under  great  evolution  of  heat,  a  considerable  attraction  or 
affinity  between  R  and  M  is  manifest.  Accordingly  r  will  be 
negative,  indicating  that  it  would  require  a  reptdsion  of  the 
numerical  value  r  to  produce  the  normal  equilibrium  or  form. 

We  may  now  proceed  to  the  application  of  these  principles. 

I.    TiTANoiD  Dioxides,     TtO^. 

Referring  to  contribution  No.  1  (p.  13)*  for  the  details,  we 
have,  agreeable  to  (4)  : 

C=_  0.001  [rr+130]  (6) 

which  gives  very  good  results.  Accordingly  the  attraction  be- 
tween the  titanoid,  Tr,  and  the  two  atoms  of  oxygen  is  so  great 
that  a  repulsion  of  130  (r  =  — 130)  would  be  required  to  pro- 
duce the  normal  form. 

The  normal  form  of  these  titanoid  dioxides  is 
x:y:z  =  \^S:l  :\^S 
(See  Contrib.  No.  1,  p.  11,  or  Report  Chicago  Meeting,  p.  217). 
The  perturbation  C  is  in  the  axis  z,  which  passes  through  the 
atom  TV  and  stands  at  right  angles  to  the  middle  of  the  line 
joining  the  two  atoms  of  oxygen.  The  observed  axes  a,  6,  c, 
tabulated  at  the  close  of  this  paper,  give  the  observed  pertur- 
bations by  means  of 

a=:x+S      6  =  y=l,      c  =  2  +  C  (7) 

For  these  dioxides  the  values  are 

Tt 

Cassiterite      Sn  =118 
Rutile  Ti=   50 

Zircon        ?r±^=   59 
Pyrolusite      Mn  =    52 

Although  manganese  is  not  a  titanoid,  the  perturbation  of 
pyrolusite  very  nearly  agrees  with  that  calculated  for  titanoid- 

•  Report  of  Chicago  Meeting  (1868),  p.  221. 


C  ccUcukOed. 

observed. 

—  0.248 

—  0.245 

—  0.180 

—  0.180 

—  0.189 

—  0.171 

—  0.182 

—  0.180 
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dioxides.  The  calculated  value  for  Zircon  differs  considerably 
from  observation;  it  will  necessarily  depend  upon  the  exact 
formula  of  the  mineral,  while  the  calculated  value  above  given 
is  obtained  on  the  hypothesis  of  an  equal  number  of  atoms  of 
zirconium  and  silicon.    Thus 

would  give  — 0.173  instead  of  the  — 0,171  observed. 

n.     Aragonitoid  Carbonates. 

The  three  atoms  of  oxygen  in  the  Carbonates  R"  0^  C  deter- 
mine the  plane  yz^  the  axis  z  passing  through  one  of  these 
atoms,  while  y  is  at  right  angles  thereto  in  the  centre  of 
gravity  of  the  triangle  formed  by  the  three  oxygen  atoms. 
This  triangle  is  nearly  or  exactly  equilateral,  giving  the  nor- 
mal axes 

y:z  =  li  /v/3 

The  axis  x  is  at  right  angles  to  both,  and  passes  in  one  di- 
rection (say  upwards)  through  the  Calcium  atom,  in  the  other 
direction  through  the  Carbon  atom,  so  that  the  angle 

Ca—O—C  is  90° 

or  very  nearly  so.  Thus  x=:z=z\^B..  See  Atomechaniky  §§ 
303-306. 

The  observed  values  of  a,  6,  c,  tabulated  at  the  close  of  this 
paper,  give  by  (7)  the  following  values  of  the  perturbation  C 
in  the  oxygen  plane  after  axis  Z. 


Xa 

C  calc. 

Zohs. 

calc-ohs. 

Aragonite     Ca=  40 

—  0.127 

—  0.1266 

0.000 

Strontianite  Sr      88 

—  0.085 

—  0.090 

+  0.005 

Witherite     Ba    137 

—  0.040 

—  0.040 

0.000 

Cerusite       Ph    207 

+  0.024 

—  0.093 

+  0.117 

The  calculated  values  have  been  obtained  according  to  (4) 

by 

C=  0.0009  (Aa  — 181)  (8) 

It  is  seen  that  lead,  not  being  a  calcoid,  but  member  of  the 
genus  cadmoids,  the  corresponding  carbonate  does  not  agree 
in  its  perturbation  with  the  calcoid-carbonates,  thus  proving 
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that  the  cadmoid-atoms,  in  form  or  structure,  essentially  differ 
from  the  calcoid  atoms,  a  result  which  must  be  admitted  also 
on  other  grounds.  Thus  the  calcoids  are  non-volatile,  while 
the  cadmoids  are  comparatively  very  volatile  metals. 

Applied  to  the  perturbation  of  the  vertical  prism  the  general 
law  (4)  gives 

ir  =  0'.72  (Aa  — 200)  (9) 

Xa  T  calc.        T  obs,  caJc.~obs, 

Aragonite      Ca=i   40  — ,114'.2'— 115'  +    0'.8 

Strontianite  Sr        88  —   80'.6  J—  80'  —    0.6 

Witherite      Ba      137  —   44'.4     —   45'  -|-    0'.6 

Cerusite         Pb      207  +     6'.       —  88'  -j-89'. 

The  normal  angle  between  the  vertical  prisms  and  the  plane 
^  is  p  =:  60^.  The  above  minutes  represent  the  derivation  of 
the  observed  values  from  this  angle  of  60^. 

The  value  of  r  is  positive  in  both  formulsB  (8  and  9)  but  not 
quite  identic,  although  it  ought  to  be  so.  It  requires  an  atr 
traction  of  181  according  to  (8),  and  of  200  according  to  (9), 
to  reduce  the  perturbation  in  the  oxygen  section  to  nothing ; 
that  is,  to  make  the  aragonitoid  hexagonal  for  the  calcoid- 
elements  Xa, 

I  think  that  this  is  in  accordance  with  chemical  principles. 
The  oxygen  of  the  electro-positive  Xa  O,  being  in  the  same 
plane  with  the  ox}'gen  of  the  electro-negative  C  O^,  exerts  a 
repulsion  on  the  same^  equivalent  to  ri=  181.  Compare  §315 
of  Atomechanik  on  this  point.  In  the  hexagonal  Calcit-forms, 
the  Xa  O  and  COt  exist  together  aa  one  Xa  O,  C,  and  accord- 
ingly C  =  o.  Herewith  harmonizes  the  fact,  that  according  to 
Favre  and  SUbermann  (1852),  each  gram  of  aragonite  sets 
free  39.1  calorics  when  being  converted  into  calcite ;  or  each 
atom  Ca  O,  C  sets  free  3910  calorics.  Compare  also  VI.  ia 
Contribution  5. 

m.    Caix:itoids. 

Of  the  carbonates,  only  magnesite  and  smithsonite  belong 
to  the  same  genus.  This  is  suflicient  to  determine  the  two 
constants  in  (4),  but  not  enough  to  give  any  control.  The 
three  aragonitoid  carbonates  have,  however,  given  that  con- 
trol, so  that  we  may  nppij  (4)  abo  on  the  cakitoids. 
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Indirectly  we  shall  have  a  very  excellent  control  in  the  val- 
ues of  the  constants  thus  determined ;  for  they  must  agree 
with  the  known  chemical  properties  of  the  elements. 

For  the  calcitoids  the  horizontal  perturbations  C  is  zero ;  the 
vertical  f  is  for  the  cadmoids. 

e  =  —  0.1092  —  0.000161  Kd  ( 10) 

or 

C  =  —  0.000161  IKd  4-  678]  (11) 

The  same  perturbation  is,  for  the  angle  R  of  the  rhombohedron, 
the  normal  being  lOi**  29'  (Atomech.,  §307) 

/>  =  +  0.'25  {Kd  4-  698)  (12) 

The  observed  values  are : 

Kd  R  p  e 

Magnesite     3fgr,  24     107^29     +180'    —0.1181 
Smithsonite  Zw,  65     107°.40    +191'    —0.1197 

The  value  of  rz=z — 678  or  —  698  indicates  an  attrojction  of 
nearly  700  between  RM^  or  a  repulsion  of  this  magnitude  is 
required  in  order  that  Kd  Os  C  may  have  the  normal  form,  the 
rhombohedron  R  =  104®  29'.  Now  this  is  exactly  what  might 
have  been  predicted,  since  the  cadmoids  have  not  only  a  great 
affinity  for  0,  but  also  because  their  atomic  weight  is  in  excess 
of  both  O  and  C,  Thus,  in  Snuthsonite,  the  amount  of  matter 
in  any  horizontal  is  equivalent  to  2  O  ^3  32,  but  in  the  vertical 
it  is  (7+^  =  12  +  65  =  75,  or  more  than  twice  as  much. 
Since  there  is  no  chemical  repulsion  between  Carbon  and  the 
Cadmoids,  this  preponderance  of  matter  in  the  vertical  axis 
must  contract  the  same,  as  observed. 

The  two  sulpho-salts  Ag^S^^  of  this  form  give  for  (4)  : 

f  =  —  0.00066  [<P  + 114]  ^  (13) 

and 

/>  =  +  l'.15[<P  +  98]  (14) 

the  observed  values  being 

^  R  P  ^ 

Proustite       As=   75     107**48'    +199'    —0.125 
Pyrargyrite  Sh  =  \n     108**42     +253'    —0.156 

The  normal  rhombohedron  of  104®  29'  will  thus  belong  to  a 
phosphoid  ^  of  the  atomic  weight  r  =  —  98  or  — 114 ;  that  is 
A.  ▲.  A.  s.  VOL.  xvm.  u 


1 


106 


A.    MATHEMATICS,   PHT8ICS,   AND    CHEMISTHT. 


a  repulsion  of  flrom  100  to  120.  This  is  also  in  accordance 
with  the  chemical  properties  of  the  elements  here  inTolveiL 
For  the  phosphoid  and  silver,  here  in  the  axis  X,  very  readily 
combine,  thus  indicating  an  attraction  of  Ag^  or  1^,  so  that 
for  any  ^  it  would  require  a  repulaion  to  produce  the  normal 
form.  The  same  follows  by  considering  the  mere  mass  in  the 
different  directions ;  thus  along  Z  and  Y  we  have  the  equivsr 
lent  of  2  5=64,  but  along  X  we  have  3 ^gr -|- * z=  324  +  * 
which  for  Proustite  is  399 ;  for  Pyrargyrite  446,  that  is  from 
6  to  7  times  as  much ! 

IV.  Calcoid  Sulphates. 
In  the  sulphates  S  0^  exists  as  such,  forming,  like  all  com- 
pounds of  the  formula  ABzOr  A\  |,  an  equilateral  triangle, 
either  exactly  or  nearly  so.  The  axis  Z  is  laid  through  5,  and 
F  through  the  two  atoms  of  oxygen  of  S  O^  The  axis  X  is 
at  right  angles  to  these,  and  contains  the  other  two  oxygen 
atoms  of  the  sulphates.  As  demonstrated  in  another  place, 
the  normal  axis  of  the  sulphates  R"  O^S  are 

x:  y:  z  =  f^^:  1;  ^3  (15) 

The  perturbations  most  directly  due  to  the  different  radicalfl 
are  those  in  the  axis  of  Z;  for  the  radical  R"  is  directly  oppo- 
site to  the  sulphur-atom,  S.  The  normal  vertical  prism,  par- 
allel to  the  axis  X,  is  nearly  hexagonal;  the  normal  angle 
between  the  vertical  face  and  the  plane  X  F,  is  60"* ;  the  devi- 
ation of  the  crystal  from  this  angle  we  call  w.  The  observed 
values  then  give  for  these  perturbations  for  the  calcoids  : 

C  =  _  0.0008  IXa  +20]  (16) 

7r  =  — 0^7[Jra  +  20]  (17) 


Namb. 

Xa 

calc. 

obs. 

calc. 

obs. 

Anhydrite 

Ca   40 

—0.048 

—0.048 

—  4a' 

-  42' 

Celestite 

Sr    88 

—0.086 

—0.089 

—  75'.6 

-  80' 

Barite 

Bal87 

—0.126 

—0.12a 

— 100'.9 

-110' 

Accordingly,  r  =  —  20  in  both  of  these  equations.    That  is, 
it  requires  a  repulsion  of  20  to  produce  the  normal  hexagonal 
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form  of  the  yertical  prism  here  under  consideration.  This 
is  again  in  harmony  with  the  atomic  structure  and  the  known 
affinities.  For  in  the  axis  Z  we  have  /S' +  ^«  =  32  +  ^«» 
reaching  from  72  (for  Co)  to  169  (for  J5a),  while  in  the  axes 
"K  and  Y  there  are  only  2  atoms  of  oxygen,  weighing  32. 
Hence  a  greater  attraction  in  the  direction  of  the  Z  axis,  or 
a  shortening  of  the  same  (C  negative,  r  negative).  Besides, 
we  know  that  the  calcoids  have  a  considerable  affinity  for  sul- 
phur— which,  therefore,  increases  the  perturbation  due  to  the 
mass  merely. 

This  law  has  been  extended  to  Selenates,  Chromates,  Per- 
chlorates,  Permanganates  (see  Synopsis  of  new  Memoirs  on 
AtomecJianics^  published  July,  1868).  Here  it  may  be  suffi- 
cient to  give  the  observed  values  of  the  angular  perturbation 
IT,  or  the  deviation  of  the  vertical  prism  found  forming  60** 
with  the  vertical  plane  xy. 

Name.  FormvXa.  r 

Anglesite Pb04S  —   81' 

Barite Ba04S  —110') 

Celestite SvO^  —   79' S  mean— 77' 

Anhydrite       .     .     1     .     .  Ca04S  —   42') 

Permanganate     ....  KaOfMn  —  92'    Mitscherlich. 

«  ....  "  —   80'    Groth. 

Perchlorate Ka04Cl  —   86'    Groth. 

"  "  —   83'    Mitscherlich. 

Olivenite Mg2  04Si  —   24'    Haidinger. 

Phenacite Bea04Si  —     0         

Willemite Zn2  04Si  +0         

Normal  form AB4C  0         

Sulphate Ka8  04S  +12'    Mitscherlich. 

Selenate Kaa04Se  +12^  « 

Chromate ILdL^O^Or  -i-   W  « 

Manganate Ka2  04Mn  -f   ^5'  " 

Ammonium  Chloro  Zincate  Am  CI4  Zn  -j"  ^^^ 

The  most  interesting  fact  exhibited  in  these  perturbations 
is  the  change  of  ?r  by  the  doubling  of  Ka.  A  mere  increase 
in  weight  of  Ka  in  the  permanganate  Ka  O4  Mn  would  in- 
crease the  negative  value  of  ?r.  But  the  addition  of  another 
atom  of  potassium,  producing  the  Manganate  Ka^  O4  Mh^ 
does  not  increase  the  perturbation  in  the  same  direction^ 
bat  changes  its  sign.    This  indicates  a  slight  but  real  repul- 
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sion  between  the  two  atoms  of  potassium,  in  harmony  with  the 
electro-chemical  views. 

V.    Fbbtubbations  akd  Temperature. 

On  page  43  of  Atomechanik^  the  influence  of  temperature  on 
the  molecular  perturbations  has  been  investigated,  and  the 
results  exemplified  by  means  of  Fizeau's  observations  then 
published.  In  Pogg.  Ann.  1868,  p.  135,  we  find  additional  ob- 
servations of  Fizeauj  so  that  we  now  can  continue  the  investi- 
gation of  the  subject. 

In  the  following  determinations  of  Fizeau  the  coeffi<uent  of 
expansion  for  one  degree  centigrade  (at  the  temperature  of 
40°),  is  in  the  direction  of  (Fizeau's)  vertical  axis  a,  at  right 
angles  thereto  a' ;  And  the  change  of  either  for  each  degree  of 
temperature  is  Aa  and  Aa'.  For  the  sake  of  simplicity  we  refer 
all  of  these  numbers  to  the  original  length  of  one  miUian 
units;  then  a  =  0.00001911  of  Fizeau  for  Fluorspar  (the  ex- 
pansion of  the  length  1)  becomes  here  a  =  19.11  (the  expan- 
sion of  1,000,000). 

Tritoids,  ABf. 


Deltoids,  AB^O. 
For  these  a  is  the  expansion  in  the  direction  of  our  axis  X, 
or  a,  a'  in  thle  direction  For  &,  and  a'^  in  the  direction  Z  or  c. 


a 
+  26.21 
+  34.60 


a' 
—  6.40 
+ 10.16 


a" 
—   5.40 
+  17.19 


Calcite 
Araganite 

These  values  must  be  referred  to  &  =  1,  by  subtracting  the 
coefiQcient  after  this  axis  from  each  of  the  other  coefficients ; 
the  values  thus  obtained  express  the  relative  expansion  in 


CaFli^  Fluorspar 
Fe^2y  ?yrite 
OmjO,  Cuprite 

a : 

a'. 
a 

=.Aa!z=: 

19.11      ' 
9.08 
0.93 
0.0210  . 

. 

inaU 
directions. 

a 

a! 

Ao. 

Ja' 

Quartz,  SiO^ 
RutUe,  TiOi 
Cassiterite  SnO^ 
Zircon  (/Si,  Ti)  0, 

7.81 
9.19 
3.92 
4.43 

14.19 
7.14 
8.21 
2.33 

0.01 
0.02 
0.01 

77 
25 
19 

0.0238 
0.0110 
0.0076           j 
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these  axes.     It  mast  also  be  borne  in  mind  that  these  coeffi- 
cients refer  to  our  X,  F,  Z,  in  the  following  manner : 


X 

X 

Y 

y 

Z 

Z 

Qaartz 

a 

1 

a' 

V3 

a' 

V3 

Rutile 

a' 

V3 

a 

1 

a' 

V8 

Cassiterite 

a' 

V3 

a 

1 

a' 

V3 

Zircon 

a' 

V3 

a 

1 

a' 

V3 

The  values  of  our  normal  axes  a;,  ^,  2;,  have  also  been  added. 
For  details  see  AtoToechanik^  p.  34,  or  Contributions  to  Mole- 
cular Science,  No.  1  (Report  Chicago  Meeting,  p.  217). 

This  gives  our  y=&  =  1,  with  no  relative  expansion  and  no 
perturbation.  For  the  other  axes  we  obtain:  ^$  as  the  rela- 
tive coefficient  of  expansion  after  X  (for  each  million  of  units 
of  length),  ^'f  the  variation  of  ^f  for  each  degree ;  and  ^C,  ^'C 
for  the  axis  Z,  The  results  are  contained  in  the  following 
table : 

Thb  Tesseral  Teotoids. 

Fluorspar  J  Fyrite  and  Cuprite 

have  S=:Z=zo;  and  also  ^$  =  ^C  =  o. 

The  Hexagonal  Tsitoid. 

Quartz     x=      1.0000  «  =  1.7320 

e  =  +  0.099  C  =  0.0000 

^$  =  —  6.38  ^C  =  0.0000 

^'$=  —  0.0061  a'C  =  0.0000 

The  Quadratic  Tritoids 

have  xz=:z  and  also  their  variations  equal,  so  that  they  remain 
quadratic.    We  give  only  the  values  for  x: 

Rutile  1.7320        —0.180       +2.05       +0.0115 

Cassiterite        1.7320        —0.245       +<>-71       +0.0043 
Zircon  1.7320        —0-171       +2.10 

The  Hexagonal  Deltoid. 

CalcUe     X=\/ 3  =  1.7320  2  =  v' 3  =1.7320 

e  =—        0.0235  C=  0.0000 

^e  =+       31.61  ac=  0.0000 
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The  Rhombic  Deltoid. 

Aragonite    X  =  \/ 3  =1.7320         «  =  V^3  =  1.7320 
e  =  +         0.0035         C  =  —        0.12G6 
a^  =  +       24.44  ^C=+         7.03 

These  observations  show : 

1.  That  wTien  the  molecular  pertvbaiion  is  zero^  it  remains  so. 
In  other  words,  the  normal  form  is  not  changed  by  an  increase 
of  the  temperature.  —  Examples :  the  tesseral  tritoids,  also  Z 
in  quartz  and  calcite. 

2.  That  tJie  molecvXar  perturbations  are  diminished  by  increoM 
of  the  temperature.  In  other  words,  the  actual  form  ap- 
proaches the  normal  form  when  the  temperature  is  raised. 
Examples  are  quite  numerous  in  the  above  observations  ;  they 
are  indicated  by  the  opposite  sign  of  the  perturbation  and  the 
coefficient  of  expansion. 

3.  The  expansion  of  aragonite  in  the  direction  of  the  verti- 
cal axis  X  is  an  exception  to  the  preceding  rule ;  for  C  and  ^C 
have  the  same  sign,  so  that  the  actual  form  passes  farther  and 
farther  from  the  normal  as  the  temperature  is  raised.  This 
proves  that  the  atoms  in  aragonite  are  not  in  a  stable  equilib- 
rium ;  and  in  fact,  by  heating  a  crystal  of  the  same,  it  sud- 
denly changes  from  aragonite  to  calcite  at  a  certain  tempera- 
ture, developing  3910  calorics  (for  each  atom  of  GiO^C)  in  the 
process  {Favre  and  Silbermann^  1852). 

Thus  we  have  brought  all  of  the  preceding  determinations 
of  the  expansion  of  crystals  under  the  one  general  law ;  dimi- 
nution of  the  molecvXar  perturbation  to  zero^  or  approximation 
of  the  crystal  to  the  normal  form. 

The  preceding,  we  hope,  is  sufficient  to  show  that  the  m^oleo- 
vlar  perturbations  are  a  reality,  as  well  as  the  cosmical  per- 
turbations of  astronomy.  However  incomplete  and  imperfect 
our  knowledge  of  this  subject  may  be  at  present,  we  deem  it 
sufficient  to  invite  to  farther  research.  While  we  believe  the 
general  law  (4)  of  molecular  perturbations  to  have  been  suffi- 
ciently proved  by  observations,  we  admit  that  the  precise  value 
of  the  constants  k  and  r  is  at  present  only  imperfectly  deter- 
mined by  observation,  and  only  in  a  very  general  way  by 
theory. 

The  exact  theoretical  determination  of  these  constants  is  a 
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mechanical  problem,  the  solution  of  which  depends  as  much 
upon  the  constitution  and  form  of  the  atoms  of  the  so-called 
chemical  elements,  as  does  the  theoretical  determination  of 
cosmetical  perturbations  on  the  structure,  form  and  mass  of  the 
cosmical  bodies. 

APPENDIX. 

That  the  law  (4)  is  in  fact  a  first  approximation  is  proved 
by  the  following  preliminary  analysis  of  this  problem,  referred 
to  in  the  first  part  of  this  paper. 

Let  the  substance  under  consideration  be  a  ternary,  com- 
posed of  the  element-atoms  -4,  -B,  C.  To  simplify  the  subject, 
let  the  compound  be  a  deltoid,  AB^C, 

The  actual  axes  of  this  deltoid  we  call  a,  6,  c;  the  line  joining 
the  two  atoms  A  and  (7,  being  taken  as  X-axis  or  its  value  =  a. 

K  now,  without  charfging  anything,  the  atoms  A  and  C  were 
made  equal  to  B,  the  axes  a,  &,  c,  would  become  x,  y,  z,  the 
normal  axes.  Leaving  (7,  but  substituting  only  the  radical 
-4  =  -B,  a  certain  value  R  =  r  must  likewise  produce  the  nor- 
mal axes  a:,  y,  z;  the  corresponding  compound  being  r  B^C. 
Accordingly  the  force  producing  increments  $,  y,  C,  on  oj,  y,  », 
is  zero  for  A  =zR=zr, 

Now,  let  the  force  between  A  and  C  be  represented  by  the 
function  <P"  (Ji,  C) ;  similarly  that  of  ^  and  Bhj  ip  (-4,  i?), be- 
tween C  and  B  by  <p'  (C^  B)^  and  the  repulsion  between  the 
like  atoms  Bhyp  (5,  B),  Into  all  of  these  the  actual  axes 
a,  6,  c  enter  as  variables.    The  resulting  force,  therefore,  will  be 

F  {A\  B,C)=¥(A,C)+9>  (A,  B)  +9'  (O,  B) -p  {B,  B), 

(18) 
By  sabstitating  A=zr-\-h  and  developing  we  obtain 

F{r-\-h,B,G)  =  K^  +  K^{A—r) 
+  K^{A-Ty 


where 


+  K,{A-ry  (19) 

--etc. 


K,=  r(r,  C)  +  <p(r,  B)  +  ^'{B,  C)-p{B,  B)  ) 

^^  —  ~~dA 1 djT'  )    (20) 

The  functions,  9^,  f ,  etc.,  contain  probably  only  the  first 
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powers  of  the  atomic  weights ;  hence  jS^,  K^  etc.,  will  be  zercs 

or  the  squares  and  higher  powers  of  {A  —  r)  may  be  omitted. 

At  the  same  time  we  have,  according  to  the  definitions  given 

a  =  x  +  S  b  =  y  +  :  c  =  z  +  :  (21) 

(See  also  7). 

If,  therefore,  we  neglect  the  square  and  higher  powers  of 
{A  —  r),  we  have  for  a  first  approximation,  the  normal  axes 
determined  by  K^,  and  the  perturbations  by  -Ki-  For  the  per- 
turbations n  in  any  direction  we  shall  have  an  equation  of  the 

7:=:Ki(A  —  r)  (22) 

form  which  is  identic  with  (4).  It  is  evident  that  K^  depends 
upon  the  normal  axes,  x,  y,  2,  and  the  values  of  r,  B  and  C  K 
the  form  of  the  functions,  as  well  as  the  normal  axes  are 
known,  then  K^  would  serve  to  determine  the  value  of  r. 

The  above  formulae  have  been  simplified  by  not  writing  the 
values  of  a,  6,  c,  which  enter  into  every  one  of  functions. 
Since  now  the  law  of  the  variation  of  these  attractions  and 
repulsions  in  regard  to  distance  and  angle  (atomicity)  is  an- 
known,  we  may  be  excused  from  entering  into  any  farther 
detail.  At  the  same  time  it  will  be  admitted,  that  the  only 
possible  solution  is  based  upon  an  accurate  knowledge  of  the 
element-^Uoms  as  physical  bodies,  such  as  they  are  represented 
in  the  first  section  of  my  Atomechanik. 


2.   On  the  Classification   and   the   Atomic   Weights  or 

THE    so-called    ChEMICAL    ELEMENTS,   WITH    REFERENCE 

TO   Stas'  Determinations.     By  Gu^tavus    Hinrichs, 
of  Iowa  City,  Iowa. 

Like  all  other  natural  objects  the  chemical  elements  (so- 
called)  can  be  classified  into  natural  groups, — Genera  made  up 
of  the  individual  elements  as  Species  and  Varieties.  Such  a 
classification  was  published  in  1867  in  my  Atomechanik  (§  17, 
pp.  7,  8). 

The  symbol  of  the  species  is  the  characteristic  letters  of  the 
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JLcOin  name  of  the  same,  introduced  by  BendiuB  in  1815 ;  it 
has  also  a  numerical  value,  representing  the  weight  of  the 
atoms. 

As  symbol  of  the  genus  I  introduced  the  characteristic  let- 
ters of  the  Ghreek  name  of  the  same,  and  stated  that  this 
symbol  represents  an  equation^  the  numerical  value  of  which 
for  the  given  variable  would  be  the  atomic  weight  of  the  spe- 
cies corresponding  to  that  variable. 

The  theoretical  ground  of  this  classification  is  exposed  in 
AtomecMnik.  We  shall  here  exclusively  consider  this  question 
from  a  practical  and  empirical  point  of  view,  entirely  indepen- 
dent of  the  pantogen-hypothesis.  In  this  form  it  has  now  for 
two  years  been  presented  in  my  lectures. 


I.  Classification  of  the  Elements. 

This  empirical  classification  (in  its  results  identical  with  that 
of  AUymecJianik)  is  based  mainly  on  the  deportment  of  the 
elements  toward  heat.  This  physical  agent  being  motion,  we 
accordingly  classify  the  elements  in  regard  to  the  mobility  of  their 
particles  (the  atoms).  We  distinguish  six  degrees  of  fusibility y 
three  degrees  of  volatility^  and  the  coloration  of  tlie  flame  for  the 
metals.  We  retain  the  general  division  of  the  elements  in  two 
orders^  metals  and  metalloids,  based  upon  the  presence  or  ab- 
sence of  metallic  lustre.  The  above  degrees  of  ftisibility  cor- 
respond very  nearly  to  those  of  von  KobeU. 

For  farther  explanation  we  may  refer  to  the  following  to&te, 
merely  adding,  that  the  name  of  the  genus  was  taken  from  the 
most  common  or  most  characteristic  element.  The  semi-bar- 
barous name  Sulphoid  was  chosen,  because  the  more  correct 
Thionoid  is  not  so  palpable  to  3tudents. 

A.  A.  A.  S.    VOL.  \Vm,  16 
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6ENEBAL  TABLB  OF  THE  GENERA  OF  THE  ELEMENTS. 


I. : 

Mbtals;  having  metaUic  lastre. 

? 

b 

^ 

1 

Gbnub. 

11 

1 

Name. 

Symbol. 

exceeding 

color 

KaMdt 

Ka 

Ka 

very 

no  color 

Cadmoid* 

K8 

Cd 

slightly 

Cuproidt 

Kv 

Cu 

not 

color 

CaleaSda 

Xa 

Ca 

not 

no  color 

Ferroids 

Si 

F€ 

6(iiiAi0) 

not 

Tt 

Ti 

II.  Metalloids;  not  having  metallic  Instre. 

Triatomic  Elements  like  Phosphoms 

« 

P 

Di—             *^           «    Sulphur 

S\aphoid9 

e 

S 

Mon—         •«          "    Chlorine 

Chloroidi 

X 

CI 

Mon-^         <«           "    pantogen 

Pant&ida 

Y 

H 

To  these  genera  several  others  will  have  to  be  added ;  but 
not  until  the  elements  concerned  are  better  known.  Of  such 
genera  I  mention  here  the  Thalloids,  9Xy  Molybdoids,  MX^  Hy- 
drargoids,  Ty  from  Atomechanik.  Beryllium  is  either  the  first 
species  of  the  Ferroids  or  of  the  Cadmoids. 

The  Ferroids  are  distinguished  for  their  varieties.  Thus  the 
third  species  (Iron ;  Greek  Sideros)  is  associated  in  nature  and 
in  its  properties  with  four  varieties,  which  we  term  the  Side- 
Toids  and  give  the  symbol  Id,  They  are  Chromium,  Mangan- 
ese, Iron  (the  species).  Nickel  and  Cobalt.  They  form  a 
regular  series,  connecting  Titanium  of  the  Titanoids  with 
Copper  of  tiie  Cuproids  (see  Chart).  The  Bhodoids  and  Iri- 
doids  are  not  sufficiently  known  yet.  Uranium  is  associated 
with  Cobalt  and  the  Sideroids,  having  exactly  twice  the  atomic 
weight  of  Cpbalt. 


CHEinSTRT.  115 

The  species  in  each  genus  are  again  arranged  in  the  order  of 
their  volatility,  or  specific  gravity,  or  atomic  weight.  By  print- 
ing their  symbols  at  distances  from  that  of  the  genus,  nearly 
proportional  to  the  atomic  weight,  we  obtain  the  following 
chart  representing  onr  classification  of  the  elements.  A  few 
of  the  most  important  elements  not  embraced  in  the  above  ten 
genera  have  been  added. 

HENBICHS*  CLASSIFICATION  OF  THE  ELEMENTS. 

Gknera.  Species. 

0?  =  1  2  8  4  6 


Y  H 

K«  Li  Na 

Xa  —  — 

K8  —  Mg 

Yy  -  - 

Ktf  —  — 


Ka 

Bb 

Ca 

8r 

Ba 

Zn 

ck 

Pb 

- 

- 

Hg 

Cfu 

^ff 

AU 

Bh 


Tt  C  8i  Ti  Pd  Pt 


Al 

Co 
Ni 
Ft 
Mn 

Or 

c 

8i 

Ti 

Pd 
Sn 

N 

T 

At 

Sb 

0 

8 

8e 

Tt 

Fl 

CI 

Br 

lo 

«  N  T  At  Sb  Bi 

X 

Y  B 


That  this  is  a  truly  naturoL  cUunficaUon  is  proved  by  the 
fact  that  in  this  table  the  elements  of  like  properties,  or  their 
compounds  of  like  properties,  form  groups  bounded  by  simple 
lines.  Thus  a  line  drawn  through  (7,  As^  Te,  separates  the 
elements',  having  metallic  lustre  from  those  not  having  such 
lustre.    The  gaseous  elements  form  a  small  group  by  them- 
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selves,  the  condensible  chlorine  forming  the  bonndaiy.  So 
also  the  boundary  line  of  the  heavy  metcUs  (specific  grav- 
ity above  five)  is  a  simple  line,  running  between  I'd  and 
Xa,  as  far  as  the  break  in  the  vertical  columns  goes 
(to  ^),fthen  down  to  Ti  and  through  Se  out  between 
Te  and  lo.  So  also  the  boundary  lines  for  other  properties 
may  be  drawn. 

Of  great  practical  importance  are  the  lines  expressing  cer- 
tain properties  of  definite  compounds.  ThuB,  the  solubilities 
of  Ternaries  or  Binaries  in  water.  The  reactions  in  the  wet 
way  (Fresenius).  The  blowpipe  reactions,  naay  be  repre- 
sented on  such  charts  by 'means  of  a  few  simple  lines.  Such 
charts  have  been  in  use  in  my  laboratory,  and  were  exhibited 
to  the  Association — the  symbols  printed  on  muslin  (size  8X6 
decimeters)  while  the  other  details  had  been  entered  by  hand. 
In  the  lecture  room  I  also  have  been  using  a  square  black- 
board of  black  walnut  (one  meter  each  way)  with  the  symbols 
painted ;  a  chalk  line  or  figure  then  enters  the  property  dwelt 
upon  by  the  lecturer. 

n.  Thb  Atomio  Weights. 

If  we  inscribe  the  atomic  weight  in  the  table  of  elements 
just  given,  it  will  immediately  be  seen  that  in  each  of  the 
columns,  marked  ^  =  1,  2,  3,  etc.,  comparatively  small 
changes  take  place.  This  suggests  a  generai  Umjo^  determining 
the  atomic  weigfU  y  of  any  species  as  a  function  of  x  for  aU 
genera. 

y=f{^)'  (1) 

Theoretically  we  may  determine  the  nature  of  this  ftinction 
in  the  following  manner :  if  we  assume  the  existence  of  but 
one  substance  (pantogen). 

A  certain  number  c  of  the  mvtuaUy  equcd  atoms  of  this  pan- 
togen may  combine,  producing  an  element  of  the  atomic 
weight  y  =  c,  that  of  hydrogen  being  one.  Any  two  of  these 
new  atoms  may  again  combine,  giving  ya  =  2  c.  These  again 
combining  give  ^3  =  2^2=  2.2c,  of.  which  again  y^:=i2y^z=, 
2.2.2  c  would  follow.    Thus  by  smpLs  redvpiUxaion  of  the  origi- 
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nal  atoms  yi  =  c,  we  would  obtain  atoms  of  other  substances 
(elements)  expressed  bj^  the  general  formula 

y  =  c.2'-i  (2) 

All  of  the  elements  for  which  c  has  the  same  numerical 
value  would  evidently  closely  resemble  one  another,  or  consti- 
tute a  genTia  of  elements.  Variation  in  the  value  of  c  would 
give  the  different  genera. 

Another  mode  of  combination  in  the  successive  addition  of 
the  same  c  to  itself,  giving 

y  =  c.x  (3) 

There  are  evidently  other  methods  of  combination;  but 
those  here  given  are  undoubtedly  the  simplest  possible^  and 
hence  the  most  probable. 

A  parallel  to  the  law  (3)  we  have  in  the  hydrocarbons, 
where  the  successive  atoms  of  carbon  are  linked  together  by 
means  of  hydrogen  atoms.  Accordingly  it  is  possible,  and 
rather  probable,  that  less  complex  aggregations  k  of  atoms  of 
the  primary  matter  will  be  required  as  links  to  bind  together 
the  members  c  of  the  atoms  y.  Consequently  a  more  general 
form  of  the  preceding  laws  would  be 

1.  For  BeduplicaHon : 

y=c.  2*  +  A:  (4) 

2.  For  Simple  Aggregation : 

y  =  c.x  +  lc  (5) 

In  their  equations  Tc  must  necessarily  be  comparaJtivdy  smaU 
if  it  changes  with  a;,  otherwise  expressive  of  a  terminal  com- 
mon to  the  genus,  it  may  be  even  large,  as  in  the  Cuproids, 
Cadmoids  and  Calcoids.  From  the  observed  values  of  the 
atomic  weights  we  mxiy  conclude  tliaJt  dU  the  metallic  elementSj 
except  the  cakoides^  are  formed  by  reduplication  (4)  ;  tJie  calcoids 
being  formed  by  aggregation  (5).  The  metalloids  are  formed 
mainly  by  reduplication  (4). 

This  we  conclude  from  the  following  comparison  between 
the  calculated  and  observed  values  of  the  atomic  weights.  In 
all  of  the  following  tables,  the  correction  is  to  be  added  to  the 
calculated  value  in  order  to  give  the  observed  value,  taken 
from  Jahresbericht,  1866. 
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A.    METALS. 
1.  Oenus.    Ealoids. 


(6) 


SFBCDB8. 

X, 

oalc.                  obs. 

Goirectian. 

Lithium 

7 

7     * 

0 

Sodium 

S8 

88 

0 

Potassium 

87 

89.1 

+sa 

Bubidium 

83 

86A 

+s.* 

157 

2.  Oenus. 


CxTPBOms. 

Koz=  (5.5)  2* +20 


(7) 


Copper 

Silver 

Gold 


81 
42 
64 
108 
196 


68.4 
108 
197 


— OJ 
0 

+1 


8.  GhniLS.    Cadmoids.    Omit  the  constant  for  a;  =  1  and  2. 
^a  =  6.2*+16  (8) 


1 

12 



Magnesium 

2 

24 

24 

0 

Zino 

8 

64 

65^1 

-    +1J 

Cadmium 

4 

112 

112 

0 

Lead 

6 

208 

207 

-1 

4.  ChnuB.    Febboids. 

i't=(6.25).2'+a!(+l)* 


Iron 

Rhodium 

Iridium 


13;$ 
27 


104 
205 


27.4 

56 

104.4 
198 


(9) 

+04 
+  3 
+0.4 
-7 
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5.  Oenus.    Titanoids. 


7T=(6.5).2'+aj(— 1)* 


(10) 


Carbon 

12 

12 

0 

SUicon 

88 

28 

0 

Titanium 

49        • 

60 

+  1.0 

Palladinm 

108 

106^ 

-14 

Platiniini 

208 

197^ 

—  5.6 

6.  OeniLS 

.    Calcoids. 

Xa  =  4S{x—2)- 

-8 

=  48   «— 104 

(18) 

Calcium 

8 

40 

40 

0 

Strontium 

4 

88 

87.6 

—0.4 

Barium 

5 

186 

187 

+  1 

B. 

Mbtalloidi 

3. 

For  these  we  have  in  general 

where  the  upper  is  to  be  used  for  a?  =  1,  2  ;  the  lower  for  a?  =  8, 
4,  5,  the  sum  of  the  exponents  always  being  =  x.  For  the 
Sulphoids  and  Phosphoids  this  discontinuity  is  expressed  in 
the  first  corresponding  strictly  to  metalloids,  while  the  latter 
(x  =  S)  have  metallic  properties.  The  factors  multiplying  c 
will  in  all  cases  make  y^  the  arithmetical  mean  between  y^  and 

2y,=zy,  +  y,  (12) 

as  readily  may  be  seen  from  (11). 

We  obtain  again  for  oj,  y  calculated,  y  observed,  and  the 
"correction,"  the  values  tabulated  below. 

For  the  sake  of  abbreviation,  the  function  of  x  lAultiplying 
c  is  denoted  by  X,  so  that 

fora;  =  l,  2  X=:2-  ^ 

8,4,5        X=2«  +  6.  2«-M    ^^ 
For  the  ghosphoids  and  sulphoids,  we  have  &  =  S,  for  the 
chloroids  &  =  2. 5.    Hence  we  find 

for^and^,  iX=l,2,  5,8,  14 
"   X  iX=l,2,4.„7,  12 


}    (14) 
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7.  Cfenus.    Phosphoids.    &  =  3. 
0  =  7.5  X 


Nitrogen 

Phosphoras 

Arsenic 

Antimony 

Bismuth 


i  X=z  1,  2,  5,  8,  14  (see  14). 


15 

80 

75 

120 

210 


U 
SI 
75 
182 
210 


(15) 


—  1 

+  1 

0 
0 


8.  Oenus,    Sulphoids.     &=  3,  JX=  1,  2,  5,  8,  14. 

9  =  S.X  (16) 


Oxygen 

16 

16 

0 

Sulphur 

82 

82 

0 

Selenium 

80 

79.4 

-^0.6 

Tellurium 

128 

128 

0 

224 

— 

9.  Oenits. 

Chloroids. 

6  =  2.5. 

X=9.X 

JX=1,2,^ 

4J,  7,  12. 
(17) 

Fluorine 

1 

18 

19 

+  !• 

Chlorine 

2 

80 

85^ 

—0^ 

Bromine 

3 

81 

80 

—  1 

Iodine 

4 

126 

127 

+  1 

216 



— 

We  shall  not  discuss  the  "correction"  which  is  to  be  applied 
to  the  calculated  values  in  order  to  give  the  observed  values. 
We  only  shall  observe  that  these  corrections  are  very  small 
except  for  the  three  species  Fe^  Ir^  Pt,  which  belong  to  genera 
known  to  contain  varieties. 

We  do  not  mean  to  have  the  observed  values  corrected,  for 
what  here  appears  as  "corrections"  may  in  fact  represent  the 
links  which  hold  together  the  various  portions  of  the  resulting 
atom.     A  negative  correction  would  thus  indicate  that  some 
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projecting  point  had  been  removed  before  combination  was 
effected. 

Nor  do  we  assert  that  the  atoms  of  the  so-called  elements 
have  a  composition  expressed  by  the  general  formula  (4)  (and 
its  modification  (11)  for  the  metalloids)  ;  but  their  atomic 
weights  do  make  stLch  composition  probable^  while  at  the  same 
time  siich  constitution  would  be  the  simplest  possible  if  the  ele- 
ments were  composed  of  one  primary  m^atter  (pantogen). 

At  all  events  it  is  thought  that  the  relations  here  pointed 
out  are  of  a  more  general  and  more  rational  character  than 
those  published  by  Dumas  •  in  1867. 

In  conclusion  we  give  a  synopsis  of  the  formula  represented 
by  oujT  generic  symbols : 


Genus 

in  general  y= 

:c.2* 

+  * 

(4) 

Kaloids 

Ka 

=   5.2* 

+   8(- 

1)' 

(6) 

Cuproids 

Ku 

=  (5i) 

,2*    +20 

(7) 

Cadmoids 

Kd 

=    6.2' 

+  16 

(8) 

Terroids 

St 

=  (6i).l 

2*     +«(+!)' 

(9) 

Titanoids 

TV 

0 

=  (7i). 

I'      +  ar  (- 
[2*+      8.2* 

1)' 

(16); 

(10) 

Phosphoids 

Sum  of  expo- 

Sulphoids 

e  . 

=   8 

[2*+      3.2* 

-»] 

(16) 

nents  is  aj.  For 
a;=l,  2  thepa^ 

CMoroids 

X 

Xa 

=   9 
=  48aj- 

[2»+(2i).2' 
-104 

-T 

(17) 

renthesis  is  2* 

Calcoids 

(18) 

From  this  it  will  be  seen  that  the  volatility  and  fhsibility  of 
the  metals  decreases  as  the  value  of  c  increases.  Their  atomi- 
city increases  with  increasing  c.  For  the  metalloids  the  re- 
verse is  the  case,  which  fact  probably  is  connected  with  the 
electrical  contrast  between  these  two  orders  of  elements. 

Graphical  representation,  taking  x  as  abscissa  and  y  as  ordi- 
nate, will  conduce  very  much  to  a  better  apprehension  of  the 
relations  and  the  general  formula  here  presented.  When  pre- 
senting this  subject  to  the  Association  a  diagram  about  2^ 

*L>  InBtttat,  1867,  pp.  480-482;  pp.  383-386. 
▲.  A.  A.  S.    VOL.  XVni.  16 
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metres  long  was  used ;  it  contained  the  logarithmic  or  expo- 
nential curves  for  the  Kaloids,  Cuproids,  Titanoids,  Sulphoids 
and  the  straight  line  of  the  Calcoids.  The  unit  of  x  was  18**, 
of  y  was  1*™,  so  that  Bi=z  210  was  represented  by  an  ordinate 
of  210«». 

in.  Stas'  Detebionations. 

Very  much  is  said  about  these  very  interesting  determina- 
tions of  the  atomic  weight ;  but  we  believe  that  the  true  impor- 
tance of  these  great  labors  is  hardly  estimated  yet.  Most 
chemists  seem  to  think  that  the  chief  importance  of  the  pains- 
taking work  of  Stas  is  to  disprove  and  forever  reject  the  so- 
called  hypothesis  of  Prout;  and  with  the  destruction  of  this 
hypothesis  they  seem  to  think  all  the  palpable  harmonies  of 
the  atomic  weights,  and  particularly  all  relating  to  ^^pantogen'' 
is  annihilated.  We  are  inclined  to  think  that  just  suchcareM 
determinations  wiU  demonstraie  the  correctness  of  the  law  of  a 
common  divisor  (equal  one-half  the  atomic  weight  of  hydro- 
gen?) for  all  elements,  and  prove  some  essential  features  of 
the  structure  of  the  element  atoms. 

In  order  to  approach  this  subject  let  us  grant  all  that  Stu 
does  claim  for  his  figures  ;  that  is,  they  are  exact  to  the  first  or 
even  the  second  decimals.  Let  us  see,  wTicU  these  figures,  if  they 
are  so  accurate  as  claimed,  really  do  prove! 

The  values  of  Stas  are  actually  obtained  for  oxygen  equal  to 
16.  Let  us  represent  these  values  by  S,  The  atomic  weights 
in  accordance  with  Prongs  Law  (referred  to  one-half  hydro- 
gen) we  shall  for  the  sake  of  convenience  call  the  norwwrf 
atomic,  weights,  A.  The  deviation  of  observation  from  these 
normal  values  we  denote  by  D, 

D  =  8  —  A  or/S=:^  +  D. 
The  deviation  per  unit  of  weight  will  then  be 

The  values  A,  S,  D  and  d  fure  given  in  the  following  table, 
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S  being    taken    from    Freseniv^   Zeibsckrift  fur  AncUytische 
Chemie^  1868,  p.  169. 


A, 

5. 

D. 

d. 

KAix>n>8,  Ka,  mean 

■       •       • 

.        . 

+  0.00284 

Littiion,  X»\ 

7 

7.022 

+  0.022 

+  0.00814 

Sodinm,  Net, 

S8 

28.048 

+  0.048 

+  0.00187 

PotasBiam,  JCa, 

38 

38.137 

+0.187 

+  0.00351 

PH08FHOn>8,  ♦ 

Nitrogen,  JV, 

U 

UOii 

+0.044 

+  0.008U 

PAirroiDS,  Y 

Hydrogen,  JT, 

1 

1.002 

+O.002 

+  0.00200 

Sni«FHOiD8,  e 

Oxygen,  0, 

16 

16.000 

±0.000 

Chix>roidb,  X,  mean 

. 

. 

—  0.0008       * 

Chlorine,  CZ, 

.     86Ji 

86.475 

—  0.026 

—  0.0007 

Bromine,  Br, 

80 

79.892 

—  0.048 

—  0<00060 

Iodine,  /o, 

137 

126.850 

—  0.160 

—  0.00118 

CDPBOID8,  Kv 

Silver,  Ag, 

108 

107.980 

—  0.070 

—  0.00064 

It  is  apparent  that  d  is  nearly  constant  for  the  same  genus, 
and  very  nearly  +  0.  003  for  the  Kaloids,  —  0. 001  for  the 
Chloroids.  In  other  words  the  deviation  —  whatever  be  its 
cause  —  is  nearly  proportional  to  the  absolute  weight  deter- 
mined! 

Another  very  peculiar  fact  is  the  positive  sign  of  the  devia- 
tions, D  and  d,  for  the  elements  which  are  electro-positive  in  re- 
gard to  the  standard  (oxygen),  while  the  deviations  are  nega- 
tive for  the  elements  which  are  electro-negative  in  regard  to 
oxygen.  Silver  forms  the  only  exception  to  this  rule.  At  the 
same  time  its  deviation  d  is  only  0. 0006,  or  much  less  than 
that  of  all  other  elements  except  bromine;  and  the  electro- 
chemical difference  between  silver  and  oxygen  is  not  consider- 
able either. 

We  conclude,  therefore,  that  Stas'  determinations  S  of  the 
atomic  weights  deviate  from  the  normal  atomic  weights  A  by 
small  quantities  D  which 
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First,  in  regard  to  sign  agree  with  the  electro-chemical  sign 
of  the  element  in  regard  to  oxygen  (silver  excepted)  ;  and 

Second,  are  nearly  proportional  to  the  atomic  weight  itselt 

Granted  the  accuracy  of  the  determinations  of  StaSj  the  con- 
clusions just  given  follow.  We  accordingly  have  a  case  in 
chemistry  like  that  which  astronomy  would  have  offered  if  the 
perfection  of  the  instruments  and  methods  of  observation  had 
progressed  more  rapidly  than  theory,  after  the  propounding  of 
Kepler's  laws.  Then  deviations  from  the  elliptical  orbits 
would  have  been  observed,  and  it  would  have  been  discovered 
that  these  deviations  were  closely  related  to  the  relative  posi- 
tion of  the  planets.  If  an  expert  observer  on  account  of  these 
deviations  should  have  rejected  K^ler^s  laws  as  disproved,  he 
would  have  been  greatly  in  error,  because,  as  we  now  know, 
the  observed  deviations  are  consequences  of  the  same  law  of 
gravitation  on  which  Kepler^s  laws  depend. 

Now,  theoretrical  chemistry  is  vastly  behind  practical  (em- 
pirical) chemistry,  in  fact,  so  much  behind  this  latter  that  the 
claims  of  mathematical  chemistry  are  generally  either  ignored 
or  derided.  "We  shall,  therefore,  not  venture  to  give  our  expla- 
nation of  the  deviations  d;  we  probably  only  would  deter  firom 
those  much  needed  researches,  which  will  demonstrate  what  we 
now  must  leave  as  merely  probable. 


8.  On  the  Gbahamttb  of  West  Yiboikia,  and  the  New 
Colorado  Resinoid.     By  Henrt  Wurtz,  of  New  York. 

It  is  now  nearly  five  years  since  my  attention  was  first  called 
to  this  remarkable  mineral.  I  at  once  recognized  the  scientific 
interest  that  attaches  to  it,  and  have  always  earnestly  desired 
to  carry  out  some  systematic  and  thorough  chemical  investi- 
gations into  its  nature  and  relations ;  a  desire  so  far  frus- 
trated to  a  certain  extent.  Pending,  however,  renewed  efforts 
which  I  am  making,  to  accomplish  complete  elementary  analy- 
ses of  the  constituents  of  Grahamite,  as  discovered  by  me,  I 
think  it  my  duty  to  communicate,  for  the  first  time,  the  fUll 
results  of  my  former  investigations. 
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Previous  to  1865,  the  existence  was  frequently  reported,  and 
alluded  to,  in  the  public  prints,  of  an  extraordinary  mineral 
formation  on  a  branch  of  Hughes  River,  Ritchie  CJounty,  "West 
Virginia.  It  was  sometimes  called  "Ritchie  Coal,"  *' Ritchie 
Asphaltum,"  "  Crystallized  (  I)  Petroleum,"  etc.,  etc.  Gesneb 
and  others  claimed  it  as  identical  with  albertite,  which  they 
called  an  asphaltum  (Gesneb,  On  CocU  OUs^  Petroleum^  etc,^ 
p.  27). 

The  eminent  geologist.  Professor  Lesley,  was  the  first  to 
introduce  its  existence  to  the  general  knowledge  of  the  scien- 
tific world,  which  he  did  in  a  communication  to  the  American 
Academy  in  Philadelphia  (in  1864,1  believe)  ;  not  having  him- 
self visited  the  locality,  however.  His  opinion,  founded  chiefly 
on  inspection  of  hand  samples,  was  that  the  material  was  an 
*^  inspissated  petroleum,"  or  say,  a  mineral  pitch.  The  results 
of  my  own  examinations  of  some  samples,  made  in  January 
1865,  did  not  enable  me  to  concur  in  this  view,  and  I  pro- 
jected a  visit  to  the  locality,  which  I  succeeded  in  carrying 
out  in  the  ensuing  summer.  It  was  then  ^cessible  but  by 
a  very  rough  bridle  path  of  fifteen  miles,  but  now  as  I  am  told 
a  branch  railroad  is  completed  from  Cairo  Station  on  the  N. 
W.  Virginia  railroad. 

The  enclosing  rocks  are  the  ordinary  blue  sandstones  and 
shales  of  the  carboniferous,  dippii^  generally  about  15**  or  17** 
N.  W.,  in  places  nearly  horizontal.  The  mineral  occupies  a 
vertical  dike-fissure,  it  may  be  a  shrinkage  fissure,  whose  course 
is  N.  76°  to  80°  E.  A  deep  and  narrow  ravine  cuts  down 
deep  into  it,  in  the  bottom  of  which  some  openings  had  weU 
exposed  the  structure  of  the  dike,  which  is  obviously  one  of 
infection.    My  notes  taken  on  the  spot  say  in  substance : 

^^The  structure  shows  four  distinct,  though  somewhat  irreg- 
ular, divisional  planes,  having  a  general  parallelism  with  the 
walls.  Next  to  the  walls  the  structure  of  the  mineral  is 
coarsely  granular,  with  an  irregularly  cuboidal  jointed  cleav- 
age, very  lustrous  on  the  cleavage  surfaces ;  that  in  immediate 
contact  with  the  walls  usually  adhering  thereto  very  tenar 
ciously,  as  if  fused  fast  to  the  granular  sandstone. 

*^Next  these  two  outside  layers,  which  are  very  irregular 
and  from  two  to  three  inches  or  more  in  thickness,  is  found. 
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on  each  side  of  the  vein,  a  layer  aver^ng  from  fifteen  to  six- 
teen inches  in  thickness,  which  is  composed  of  a  variety  highly 
columnar  in  structore  and  very  lustrous  in  fracture,  the  columns 
being  long,  and,  at  this  place,  at  right  angles  to  the  walls. 
It  is  this  variety  that  was  given  to  Professor  Lesley  ;  as  would 
appear  from  his  description.  Finally,  in  the  centre  of  the  vein, 
varying  in  thickness,  but  averaging  about  eighteen  inches,  is 
a  mass  differing  greatly  in  aspect  from  the  rest,  being  more 
compact  and  massive,  much  less  lustrous  in  fracture,  and  with 
the  columnar  structure  much  less  developed,  in  places  not  at 
all.  The  fracture  and  lustre  of  this  portion  of  the  vein  are 
clearly  resinoid  in  character. 

"  It  is  very  remarkable  that  this  curious  dike-structure  has 
heretofore  escaped  detection.  Professor  Lesley,  whose  inform- 
ation, however,  was  derived  at  second  hand,  says  that  the 
mineral  has  '  not  the  slightest  appearance  of  layers,  but  the 
aspect  of  complete  uniformity  and  homogeneity.' 

'^The  general  aspect  of  the  mass,  as  well  as  all  the  results 
of  a  minute  exa^iination  of  the  accompanying  phenomena, 
lead  irresistibly  to  the  conclusion  that  we  have  here  a  fissure 
which  has  been  filled  by  an  exudation,  in  a  pasty  condition, 
of  a  resinoid  substance  derived  from,  or  formed  by  some  meta- 
morphosis of,  unknown  fossil  matter  contained  in  deep-seated 
strata  intersected  by  the  fissure  or  dike.  It  is  not  necessary 
to  suppose  a  degree  of  fluidity  greater  than  that  of  semi-fused 
pitch,  or  inspissated  tar.  Such  a  soft  doughy  mass,  though 
flowing  but  slowly,  would  in  time  be  forced  by  a  very  moderate 
pressure  into  every  portion  and  into  every  crevice  of  the  fis- 
sure. The  peculiar  structure  described  is  such  as  would  result 
from  the  fissuring  of  a  frised  or  semi-fhsed  viscous  mass  by  the 
refrigeration  produced  by  contact  with  the  cold,  and  it  may  be 
wet,  walls  of  the  fissure ;  the  outside  granular  layers  being  due 
to  rapid  cooling,  and  the  columnar  fracturing  at  right  angles  (or 
nearly  so)  to  the  walls  (as,  for  example,  in  the  case  of  a  dike 
of  columnar  basalt)  to  a  more  gradual  reduction  of  tempera- 
ture, connected,  without  doubt,  with  the  well  known  tendency 
of  such  materials  as  are  susceptible  of  the  vitreous  or  viscous 
fusion,  to  assume  in  time  a  concretionary  or  nodular  structure. 
This  tendency  is  strongly  apparent  in  the  brilliant  variety, 
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having  produced  multitudes  of  those  curious  markings  on 
fissured  surfaces  which  were  mistaken  in  the  case  of  the  alber- 
tite  for  fossil  impressions.  The  transverse  columnar  structure 
is  called  by  Lesley  '  pencil  cleavage.' 

**  Towards  the  extremities  of  the  outcrop,  where  the  sheet  of 
mineral  is  thinner,  this  penicillate  structure  extends  through- 
out the  mass. 

"  The  idea  that  this  material  was  ever  in  the  condition  of 
fluid  petroleum,  is  visionary  and  groundless,  there  being  the 
strongest  reason  why  it  could  never  have  been  more  fluid  than 
a  very  thick  semi-fluid  pitch ;  of  which  reasons  one  of  the  most 
obvious  is  the  entire  absence  of  any  penetration  of  the  mate- 
rial into  the  surrounding  porous  sandstones.  Also,  no  such 
substance  as  this,  or  anything  approximating  to  it  chemically, 
was  ever  known  to  be  formed,  or  to  have  been  formed,  by  the 
oxidation  and  inspissation  of  petroleum;  and  the  formation 
Arom  liquid  petroleum,  in  such  a  fissure,  to  the  depth  of  hun- 
dreds of  feet,  by  any  process  of  oxidation  from  the  surface, 
of  a  mass  so  uniform  as  this,  is  an  idea  which  I  believe  will 
receive  but  meagre  acceptation  among  those  chemists  whose 
minds  are  free  from  the  trammels  of  pet  hypotheses. 

^'  I  will  add,  that  I  have  yet  to  learn  of  the  existence  of  any 
products  (now  forming)  of  oxidation  or  'inspissation'  (what- 
ever that  may  be)  of  "West  Virginia  petroleum. 

*'In  sinking  a  small  shaft  here,  twenty-eight  feet  deep,  Mr. 
J.  Cabville  Stovin,  the  engineer  in  charge  at  the  time,  found 
a  detached  fragment  three  and  a  half  feet  long  of  the  north 
wall  of  the  dike,  imbedded  in  the  mineral  twenty-four  inches 
distant  from  said  wall,  and  twenty-nine  inches  vertically  below 
the  hiatus  in  the  wall,  marking  its  point  of  detachment ;  while 
exact  measurements,  both  of  itself  and  of  the  cavity  left  (on 
removing  the  mineral  which  occupied  its  original  space)  showed 
that  it  had  become  entirely  inverted  in  position  during  its 
descent.  The  pitch-like  semi-fluidity,  which  I  have  contended 
for,  is  here  strongly  illustrated,  by  the  small  depth  of  descent 
of  this  mass  of  quartzose  sandstone,  through  a  material  whose 
density  could  not  have  been  half  of  its  own ;  while  its  distance 
from  the  wall  and  inverted  position  suggest  that  at  the  time  of 
its  detachment  the  dough-like  mass  was  still  rising,  or  in  some 
sort  of  motion  at  least,  in  the  dike-fissure. 
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"I  myself  observed  similar  horses  of  the  wall  rock,  of  small 
size,  similarly  imbedded  in  the  mineral,  at  several  points." 

The  density  of  a  mass  of  the  mineral  was  found  to  be  1.145. 
The  horizontal  extent  of  visible  outcrop  actually  measured  by 
me  was  five  hundred  and  thirty  fathoms,  thinned  out  at  east 
end  to  thirty  inches,  and  at  west  end  to  eight  inches ;  bat  as 
these  points  were  at  least  seventy  to  eighty  fathoms  verticaUy 
higher  than  the  bottom  of  the  ravine,  the  width  (averaging 
about  fifty  inches)  at  the  latter  depth  points  to  a  rapid  widen- 
ing of  the  fissure  in  descent.  Allowing  a  uniform  width  of 
forty  inches  at  the  level  of  the  bottom  of  the  ravine,  with  the 
longitudinal  extent  measured,  and  with  the  above  density; 
each  fathom  in  depth  at  this  level  would  contain  two  thousand 
tons.  The  depth  to  which  it  may  extend  is  of  course  wholly 
unknown;  but  if  the  view  I  have  provisionally  adopted  of 
the  way  in  which  this  dike  has  originated  be  correct,  it  follows 
that  it  must  widen  in  depth.  This  view  I  would  present  as 
follows : 

By  the  action  of  heat  upon  strata  of  rock,  containing  fossil 
matter,  and  the  pasty  fusion  of  this  fossil  substance,  and  the 
partial  gasefaction  of  itself  and  its  contained  water,  with  the 
uncontrollable  expansion  resulting  therefrom,  there  has  been 
opened  a  fissure  through  which  the  doughy  mass,  puffed  up  by 
bubbles  of  steam  and  other  gases,  escaped  to  the  surface,  or  at 
least  near  enough  to  the  surface  to  relieve  the  tension,  and 
allow  the  steam  and  gases  to  escape  gradually  through  the  , 
porous  sandstone. 

This  hypothesis  of  mine  seems  the  only  one  which  recon- 
ciles an  important  difficulty  besetting  the  other  hypothesis 
(namely,  that  which  creates  a  fissure  originally  filled  with 
liquid  petroleum,  that  has  undergone  ^' inspissation''  from  sur- 
face agencies)  ;  that  is,  the  interference  of  water,  which  must 
necessarily  have  filled  a  preexistent  fissure,  and  opposed  an 
obstacle  to  the  subsequent  infiltration  of  another  fiuid,  at  least 
if  the  latter  were  impelled  by  gravity  alone.  The  supposition 
that  the  fissure  itself  was  formed  simultaneously  with,  and  by, 
a  fiuid  mass,  containing  within  itself  its  own  elastic  expansive 
force,  escapes  this  difficulty.  I  may  also  point  out  that  it  is 
not  necessary  to  suppose  that  the  Jieat  which  produced  this 
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expansive  force  was  the  central  heat  of  the  earth;  for  it  is 
more  probable  that  both  the  steam  or  gases,  and  the  heat 
which  expanded  them,  arose  from  a  spontaneoas  decomposition 
(of  the  nature  of  fermentation)  in  the  bed  of  fossil  matter 
from  which  the  grahamite  exaded. 

The  view  will  occur  that  these  original  beds  of  fossil  matter 
are  beds  of  bituminous  coal,  as  such  coals  without  doubt 
underlie  the  locality.  The  only  present  support  for  such  an 
idea,  so  far  as  I  know,  is  the  extraordinary  statement  of 
Lesley,  made  on  the  oral  authority  of  Professor  Hall  (see 
Lesley's  Manual  of  Coal  and  its  Topography,  p.  165),  of  a 
'*  leader  of  coal"  proceeding  ftt>m  a  coal  bed  downwards  into 
a  limestone  quarry,  and  there  spreading  out  into  a  layer. 

Cfhemicdl  and  Minercdoffical  Okardcters.  This  mineral  is,  in 
its  actual  identity  or  individuality,  not  only  new,  but  cannot 
eveai  be  classed  with  certainty  as  yet,  with  any  other  mineral 
substance  heretofore  known  and  investigated  by  chemists.  It 
is  in  its  behavior  with  solvents  especially,  as  well  as  with 
some  other  chemical  agents,  that  those  peculiarities  are  found, 
which  establish  it*  as  a  substance  sui  generis. 

To  the  action  of  acids,  alkalies  and  oxidating  agents  gener- 
ally, it  is  quite  indifferent.  Concentrated  boiling  nitric  and 
muriatic  acids,  and  even  ogua  regia^  have  no  action  whatever 
upon  it ;  nor  has  boiling  sulphuric  acid,  if  somewhat  diluted. 
Oil  of  vitriol,  however,  even  in  the  cold,  foims  a  brown  solu- 
tion. The  most  concentrated  caustic  alkaline  solutions  are 
totally  without  a6tion  upon  it. 

Alcohol  does  not  dissolve  a  trace  of  it.  Naphtha,  benzole  and 
ether  dissolve  part  of  it ;  oil  of  turpentine  gradually  swells  it 
up  into  tar-like  magma,  and  then  dissolves  most  of  it ;  but  its 
true  solvents  are  chloroform  and  sulphuret  of  carbon^  each  of 
which  apparently  dissolves  nearly  the  whole  mass  of  the  min- 
eral with  great  rapidity,  leaving  nothing  except  the  mineral 
matter  (ash,  =  by  analysis,  about  two  per  cent.),  and  some 
small  proportion  of  coaly  matter. 

When  heated  in  the  open  air  it  endures  a  temperature  far 
above  that  of  the  fbsing  point  of  asphalts  (which  is  usually 
below,  and  never  much  above,  the  boiling  point  of  water) 
without  change ;  but  when  heated  above  iOO**  F.  it  begins  to 
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decrepitate,  smoke  and  soften,  behaving  very  much  like  a 
highly  caking  coal. 

The  yapor  given  off  under  these  circumBtances  I  have  fonnd 
to  be  chiefly  water.  There  is  little  or  no  smell,  such  as  all 
asphalts  give  out  when  heated,  and  I  may  remark  that  no  odor 
is  given  out  when  this  mineral  is  broken,  rubbed  or  scraped,  or 
even  from  a  mass  of  it  lying  in  hot  sunshine.  The  argument 
deducible  herefrom,  that  it  never  could  have  been  produced  by 
the  atmospheric  oxidation  of  any  other  substance,  and  more 
particularly  of  petroleum,  will  be  appreciated  by  chemists,  at 
least.  If  the  heat  is  now  raised  still  higher,  empyreumatic 
vapors  appear,  and  indications  of  pasty  frision  in  the  central 
and  lower  portions  of  the  mass,  though  not  upon  the  upper 
surface ;  the  fact  being  that  under  ordinary  atmospheric  pres- 
sure the  material  is  incapable  of  Aision  without  decomposition ; 
but  that  under  a  very  slightly  increased  pressure,  even  such  as 
is  developed  by  its  own  pasty  cohesion  at  the  caking  temper- 
ature, a  pitchy  semi-ftision  takes  place.  While  in  this  condi- 
tion the  resinoid  (or  viscous)  character  of  the  material  may 
be  made  strongly  apparent,  for  by  a  little  dexterous  manipu- 
lation these  central  semi-frised  portions  of  the  mass  may  be 
drawn  out  into  long,  delicate  threads,  like  semi-Aised  glass, 
sugar,  or  sealing  wax.  To  my  surprise  I  have  found  that  by 
exceedingly  cai*eful  manipulation  with  albertite,  I  could  thread 
it  out  in  the  same  way,  though  with  far  greater  diflSculty  than 
with  grahamite. 

From  the  above  it  is  clear  that  the  West  Virginia  mineral 
can  neither  be  identified,  nor  even  classed,  with  coal,  asphal- 
tum,  or  albertite ;  and  I  have  hence  thought  it  both  admissible 
and  just  to  perpetuate  in  connection  with  it  the  name  of  the 
gentlemen  who  have  been  so  energetic  in  promoting  a  public 
knowledge  of  this  new  material ;  by  conferring  upon  it  the 
new  name  grahamUe, 

The  above  statements  were  in  substance  comprehended  in  a 
pamphlet  printed  and  privately  circulated  in  the  fall  of  1865.* 

*  An  iinsatisfliotory  aocount  (to  me)  of  this  pamphlet  was  given  tn  the  Americam 
Journal  qf  Science ,  xlii,  p.  420;  and  Paka,  In  the  latest  edition  of  his  Mineralocyt 
has  adopted  my  name  grahamite,  although  he  stlU  appears  to  take  the  riew,  which 
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It  remains  for  me  to  present  as  concisely  as  possible,  some 
of  the  results  of  my  subsequent  laboratory  work  upon  gra- 
hamite,  which,  as  before  intimated,  I  am  now  preparing  to  ex- 
tend farther. 

The  most  important  development  made  up  to  this  time,  has 
been  the  decomposition  of  grahamite  (at  least  ninety-five  per 
cent,  of  it)  into  two  distinct  resinoid  substances,  to  which  I 
have  given,  for  reasons  that  will  appear,  the  names  Viscosine 
and  Irisine.  These  are  separated  from  each  other  by  the 
action  of  solvents,  viscosine  being  readUy  soluble  in  ether  and 
petroleum-naphtha.  The  crude  irisine  remaining  after  the  ac- 
tion of  one  of  these  solvents  may  then  be  extracted  pure  by 
one  of  its  solvents,  among  which  are  Moroformj  bimlpkide  of 
carbon^  oU  of  turpentine  and  benzole.  The  dull  compact  core 
of  the  grahamite-dike  contains  a  much  smaller  proportion  of 
viscosine  than  the  lustrous  penicillate  portions  nearer  the  walls. 

Ultimate  organic  analyses  of  grahamite,  as  a  whole,  have 
been  made ;  but  for  several  reasons,  especially  because  of  my 
observations  of  its  mixed  nature,  I  attach  no  importance  to 
them,  and  shall  not  quote  them.  Analyses  of  pure  viscosine 
and  pure  irisine,  however,  would  be  of  high  interest,  and  will 
in  due  time  be  made. 

Properties  of  Viscosine.  The  liquid  solutions  formed  by  the 
action  of  a  solvent  of  viscosine  on  the  crude  mineral  possess 
a  powerful  olive-green  fluorescence,  exactly  like  that  of  many 
crude  petroleums.  The  most  lustrous  samples  of  grahamite 
yield  as  much  as  twenty  per  cent.  Dense  solutions  are  as 
viscous  as  a  thick  syrup  of  glucose  or  a  strong  liquid  glue. 

Solid  Viscosine.  This  is  a  substance  of  a  very  peculiar  com- 
bination of  physical  and  chemical  characters.  Though  acquir- 
ing, by  semi-fdsion,  a  ductiUty  and  viscosity  comparable  to  that 
of  shellac  and  some  others  of  the  true  resins,  it  is  wholly  sep- 

I  trostod  I  had  oyorthrown,  regarding  fhe  nature  of  the  material,  that  it  is 
^  supposed  to  be  like  the  albertitei  an  Inspissated  and  oxygenated  petroleum." 
Dana's  Mineralogy,  p.  758). 

Since  the  date  of  the  publication  of  the  above  pamphlet,  a  paper  was  presented 
to  the  American  Philosophical  Society  (see  its  ProceeMngs  for  July  1868,  p.  467), 
by  Prof.  S.  F.  Pbckhah,  in  which,  without  knowledge  of  the  above,  views  are 
taken  singularly  approximate  te  those  I  have  expressed  regarding  the  mode  of  ori- 
gin of  minerals  of  this  class.  From  recent  correspondence  with  Prof.  Pbokham, 
J  learn  that  he  wiU  soon  publish  a  paper,  in  which  he  himself  polnte  out  this  ooin* 
cidenceir-H  .W. 
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arated  from  this  class  of  substances  by  its  chemical  properties. 
Thus  the  most  concentrated  alkalies,  even  as  fbsed  hydrates, 
are  wholly  without  action  on  it.  Sodium  remains  indefinite^ 
bright  in  a  solution  of  yiscosine  in  a  liquid  hydrocarbon,  ben- 
zole for  example ;  whence  it  appears  to  be  a  hydrocarbon^  and, 
I  believe,  the  first  example  of  a  hydrocarbon  possessing  a 
resinoid  viscosity.  Probably  its  most  peculiar  conjunction  of 
properties  is  that  of  its  passage,  within  very  narrow  limits  of 
temperature  or  permeation  by  a  solvent,  to  a  solid  form  in 
which  it  is  excessively  brittle  and  fragile.  On  solidification 
from  fhsion  its  surface  is  extremely  brilliant.  When  heated, 
viscosine  melts  readily  to  a  thin  liquid  and  finally  distils  par- 
tially unchanged.  In  a  current  of  superheated  steam  it  may 
be  distilled  over  without  change,  except  a  darkening  in  color. 
The  crude  oil  obtained  by  distilling  grahamite  contains  much 
of  it,  especially  when  superheated  steam  is  used.  Freshly 
obtained,  by  evaporation  of  its  etherial  solution,  it  has  a  dis- 
tinct balsamic  odor,  which  after  some  time  departs.  In  the 
mass  it  is  brown ;  in  powder  bufT-color ;  in  thin  layers  nearly 
colorless. 

I  believe  that  this  viscous  hydrocarbon  occurs  in  crude  pe- 
troleums, and  I  have  obtained  a  product  from  gas-tar  approach- 
ing closely  to  it. 

Irisine  is  inodorous ;  infhsible  without  decomposition  (except, 
probably,  under  heavy  pressure)  ;  black  in  the  mass,  and  pure 
dark  brown  in  powder.  When  permeated  with  a  small  quan« 
tity  of  a  solvent  it  has  no  viscosity,  but  is  rather  gelatinous 
and  elastic,  or  slightly  India-rubber-like  in  consistence,  and 
shrinks  enormously,  and  Qracks  accordingly,  in  drying. 

It  forms  in  solution  in  turpentine,  chloroform,  benzole,  etc., 
very  fine  lustrous  varnishes,  which  have  the  extraordinary 
property,  when  somewhat  thinned,  of  always  drying  on  pol- 
ished surfaces  to  a  hriUiaifU  iridescence^  the  colors  having  a 
sort  of  metallic  depth  and  body  only  to  be  compared  with 
those  produced  by  heat  on  polished  steel,  while  much  brighter 
than  the  latter.  This  property  has  led  me  to  confer  upon  this 
characteristic,  and  main  constituent  of  grahamite,  the  special 
name  irisine.  There  is  much  more  in  it  than  the  mea^  phe- 
nomenon of  thin  films.     I  should  suggest  an  extraordinaiy 
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low  refractive  index  for  irisine,  were  this  not  difflcult  to  rec- 
oncile with  the  fact  I  have  observed  that  the  presence  of  the 
mintOest  qtumtity  of  most  other  substances  (viscosine  ex- 
cepted) in  the  solution  impairs  or  wholly  destroys  the  colors. 
It  seems  to  me  rather  to  be  intimately  connected  with  the 
peculiar  j^ure  cleep  brown  color  of  irisine  (combined,  it  may  be, 
with  a  low  index  of  refraction),  and  I  am  strongly  desirous  of 
assistance  in  the  matter  from  some  gentleman  experienced  in 
optical  researches.  Of  such  I  should  first  of  all  ask  whether 
the  formation,  in  such  a  thin  brown  transparent  film,  of  innu- 
merable excessively  minute  fismirea^  seen  against  a  specular 
background,  could  lead  to  the  phenomena  described  ?  I  refer  of 
course  to  the  property  of  irisine,  above  pointed  out,  of  shrink- 
age, in  desiccation  from  the  colloid  condition*  This  hypothesis 
would  accord  with  the  observation  of  the  destruction  of  the 
color  by  smaU  quantities  of  fatty  and  other  substances,  acting 
by  alteration  of  the  peculiar  condition  of  consistence  of  irisine. 
Experiments  to  test  this  could  doubtless  be  devised. 

Another  characteristio  of  irisine  is  that  it  is  instantaneously 
altered  and  precipitated  (from  its  solution,  as  an  inaolvble  modir 
Jkation^  by  mere  contact  with  a  drop  of  sulphuric  acid,  and 
some  other  agents ;  becoming  thereby  insoltible  in  dU  menstrua 
yet  tried.  It  may  thus  be  prepared  in  a  state  of  purity  for 
analysis ;  and,  moreover,  as  animcU  charcoal  is  one  of  the 
agents  which  have  this  power  of  modifying  and  precipitating 
irisine,  while  it  has  no  action  (except  a  decolorizing  one)  upon 
solutions  of  viscosine,  we  have  also  here  a  means  of  obtaining 
the  latter  perfectly  free  from  irisine  for  the  same  purpose. 

To  the  above  strongly  marked  peculiarities  of  irisine,  may 
be  added  its  as  yet  almost  unique  conjunction  of  the  proper- 
ties of  high  solubility  (when  in  the  soluble  modification)  in 
so  many  solvents,  with  high  inftisibiUty.  The  conjecture  is 
offered  that  bituminous  coals  contain  the  insoluble  modifica- 
tion of  irisine,  or  of  substances  of  its  class  as  yet  unknown. 
In  this  connection  I  would  recall  that  petroleums,  and  even 
distilled  coal-oils  contain  substances  precipitated  by  acids,  but 
not  yet  investigated. 

As  to  the  composition  of  irisine,  we  have  as  yet  no  analysis. 
Experiments  with  sodium,  which  in  time  precipitates  it  com- 
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pletely  from  its  solations,  would  seem  to  indicate  an  oxygen- 
ated body ;  but  as  minute  quantities  of  alkalies,  as  well  as 
acids,  convert  it  into  its  insoluble  form,  this  is  inconclusiye. 
In  organic  combustions,  great  difSculty  will  be  found,  as  ita 
coke  swells  up  and  is  excessively  hard  of  combustion.  I  pro- 
pose introducing  it,  however,  into  the  combustion  tube  as  a 
chloroform  solution,  in  a  sealed  bulb,  which  may  then  be  broken 
and  the  solution  absorbed  by  the  oxide  of  copper,  the  chlo- 
roform being  of  course  removed  before  the  combustion  as 
vapor. 

T?ie  Insoluble  Residue  of  Ordhamite,  This,  which  is  very 
small  in  quantity,  as  left  by  exhaustion  with  chloroform,  was 
kindly  examined  for  me  with  the  microscope  by  Dr.  John 
ToRRBT.  He  reported  that  there  was  no  trace  of  organic 
structure  and  it  appeared  to  be  mainly  quartz  sand. 

Comparisons  with  other  Substances,  From  all  such,  graham- 
ite  readily  separates  itself.  Most  so-called  asphalts  (a  term  I 
should  wish  to  confine  to  products  of  subserial  alteration  of 
petroleums)  differ  from  it  greatly  in  their  relations  to  solvents. 
Ether,  for  example,  as  stated  by  Boussingault,  Dumas,  and 
others,  usually  dissolves  most  of  these.  Still  I  believe  that 
I  have  detected  both  of  my  new  substances,  viscosine  and  iri- 
sine,  in  some  asphalts  that  I  have  examyied. 

Also,  the  benzole  solution  of  albertite,  comprising  usually 
about  twenty  per  cent,  of  the  mineral,  I  find  to  contain  visco- 
sine, irisine,  and  another  substance  unknown  as  yet ;  eighty 
per  cent.,  however,  of  the  albertite  is  insoluble  under  ordi- 
nary circumstances,  and  may,  possibly,  though  not  probably, 
be  insoliible  irisine,  or  a  homologue  thereof.  I  propose  farther 
investigation  into  this  matter,  and  especially  analyses  of  the 
proximate  constituents  of  the  albertite  as  obtained  by  the 
agencies  of  solvents,  the  only  analyses,  it  seems  to  me,  likely 
to  be  of  much  value. 

Boussigault's  Gaaitambite  comes  no  nearer;  nor  Stebrt 
Hunt's  bituminous  veins ;  nor  "  Zopissa*'  (which  latter  I  found 
to  be  a  greasy  variety  of  asphalt). 

The  Colorado  Dike.  Four  or  five  years  since  we  began  to 
hear  of  a  curious  formation  in  Colorado,  believed  to  be  alber- 
tite, which  it  very  remarkably  resembles  in  aspect.    I  was  fo^ 
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tunate  enough  to  obtain  through  the  kindness  of  Dr.  Newberry, 
from  the  collection  of  the  Columbia  College  School  of  Mines, 
a  sufficient  sample  of  an  authentic  specimen  of  the  Colorado 
mineral  to  enable  me  to  determine  the  surprising  fact,  now 
annoonced  by  me  for  the  first  time,  that  this  is  also  grahamite^ 
chemically  almost  identical  with  that  of  the  West  Virginia 
dike. 

Its  fracture  is  brilliant,  but  not  so  much  so  as  albertite, 
and  it  is  not  penicillate  like  the  glossy  variety  of  grahamite. 
It  contains  scarcely  any  mineral  impurity,  dissolving  wholly, 
without  appreciable  sediment,  in  chloroform,  benzole,  and  oil 
of  turpentine.  Ether  extracts  about  the  same  proportion  as 
from  glossy  grahamite,  with  the  same  green  fluorescence,  and 
leaves,  on  evaporation,  viscosiae,  identical  in  every  way  with 
that  of  grahamit^.  The  residue  from  ether  dissolves  wholly 
in  benzole,  and  gives  all  the  reactions  of  irisine  but  is  lighter 
in  color,  and  the  iridescences  obtained  are  not  so  strong.  Sul- 
phuric acid  wholly  precipitates  this  Colorado  irisine. 

It  may  of  course  be  anticipated  that  this  highly  character- 
istic species  grahamite  will  be  discovered  elsewhere,  two  local- 
ities being  already  known,  separated  by  the  width  of  half  the 
continent. 


4.  Investigations  of  Flame  Temperatures;  in  their  re- 
lations TO  Composition  and  Luminositt.  By  Ben- 
jamin SiLLiMAN  and  Henry  Wurtz. 

FIBST  MBMOIB.~CALOBIFIO  POWERS  OB  EFFECTS  OF  GA8E8. 

These  subjects  lie,  in  our  belief,  at  the  very  basis  of  the  true 
theory  of  the  phenomena  of  luminiferous  gases,  and  have 
practical  bearings  that  can  scarcely  be  overrated. 

In  fact,  our  studies  of  the  subject  have  led  us  in  the  direc- 
tion of  the  general  conclusion  that,  all  other  conditions  being 
equal,  the  temperaJture^  in  a  given  flame,  is  the  main  factor  of 
luminosity.  This,  however,  may  as  yet  be  regarded  merely  as 
a  hypothesis ;  in  consequence  of  the  imperfection  of  our  present 
means  of  actual  experimental  demonstration  of  the  tempera- 
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tures  of  flames.  It  is  a  hypothesis,  nevertheless,  which  is  in 
general  accordance  with  known  facts.  By  the  spectroscope, 
for  example,  which  can  recognize  only  luminous  rays,  we  find 
that  the  higher  the  temperature  the  greater  the  number  of  these 
luminous  rays.  The  recent  results  of  Frankland  upon  the 
development  of  luminosity  by  increased  pressure,  in  flames 
which  are  non-luminous  under  atmospheric  pressure,  are  in  ac- 
cordance with  this  view ;  increase  of  temperature  necesaarily 
following  increase  of  pressure. 

Very  vague  views  have  been  rife,  even  among  ohemista,  with 
regard  to  the  temperatures  of  luminiferous  flames.  Some  have 
been  satisfied  with  believing  crude  hypotheses ;  such  as  that 
the  heat^wer  of  a  flame  is  always  proportional  to  the  densi^ 
of  the  gas  or  vapor  undergoing  combustion ;  or  that  it  is  pro- 
portional to  the  amount  of  oxygen  consumed  by  a  given  volume 
of  the  gas ;  and  so  on.  This  latter  hypothesis  has  been  one 
of  very  common  acceptation.  A  view  which  is  even  now  en- 
tertained by  some  skilfiil  chemists  (than  which,  however,  noth- 
ing, as  will  be  shown  below,  could  be  more  fallacious)  is,  that 
those  individual  gaseous  compounds  which  impart  the  highest 
luminosity  under  ordinary  conditions,  are  also  the  most  pro- 
ductive of  heat. 

The  admirable  researches  of  the  great  gas^hemist,  Bukskn, 
of  Heidelberg,  placed  in  our  possession  some  years  ago  the 
means  of  computing,  at  least  with  approximate  accuracy,  the 
heat  of  flames  of  gases  of  known  compositions.  Few,  how- 
ever, have  properly  and  successfhlly  applied  Bunsem's  methods 
in  practice.  We  consider  it  quite  time  that  these  methods 
should  be  introduced  to  the  knowledge  of  Gas^Engineers,  in 
forms  available  to  them. 

Bunsen's  formulse  for  these  computations  are  based  upon 
the  actual  experimental  determinations  of  the  total  amounts  of 
heat  developed  by  the  combustion  of  different  pure  combusti- 
ble gases  with  pure  oxygen,  made  by  Favue  and  SucBkrhamw  ; 
and  upon  Regnault's  determinations  of  the  specific  heats  of 
gaseous  products  of  combustion. 

It  is  not  to  be  maintained  that  Favbb  and  Silberiiann's 
numbers  are  strictly  correct,  but  they  are  doubtless  approxi- 
mate, and  at  least  proportionally  correct  among  themselves. 
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At  any  rate,  they  are  the  best  data  we  have.  Those  employed 
here  are  included  in  th6  following  table.  They  are  usually 
given  in  the  text-books  for  equal  weights  of  the  gases,  but  we 
have  reduced  them  to  the  standard  of  equal  volumes  also,  as 
more  suitable  to  our  present  purpose.  This  reduction  is  made 
simply  by  multiplying  the  equivalents  for  weights,  by  the  den- 
sities as  given  in  the  .third  column. 


rVA^JBIaJSl    I. 


Total  Calorifio  Equiya- 

LBKTB. 


Of  Equal 
Weigbts. 


Of  Equal 
Volcunes. 


DXN8ITIB8 

ON  Scale  of 

Htbbooxn 

.  =1. 


Hydrogen,  .    . 
Carbonic  Oxide, 
Harsh  Gas, .    . 
OleflantGas,    . 


84,468*  C. 
8,408'  " 
18.0e8*  " 


84,408*  C. 

88,642*" 
104,804*  " 
166,018*  " 


1. 
14.. 

8. 
14. 


The  meaning  of  this  table  is  simply  that  equal  weights  of 
water  would  be  heated  by  the  several  gases  to  temperatures 
proportional  to  the  numbers  in  the  first  column,  when  equal 
weights  of  the  gases  are  burned ;  and  proportional  to  those  in 
the  second  column,  when  equal  volumes  are  burned. 

A  cursory  glance  at  the  figures  in  the  second  column  of  this 
table  might  seem  to  justify  the  notion  hitherto  entertained  by 
many,  of  the  comparatively  low  calorifio  powers  of  hydrogen 
and  carbonic  oxide,  and  it  was  doubtless  as  a  consequence  of 
such  a  comparison  as  this  that  statements  have  been  put  forth, 
and  widely  accepted  among  American  Gas-Engineers,  to  the 
effect  that  the  weights  of  water  heated  from  the  freezing  to  the 
boiling  point  by  one  cubic  foot  of  the  four  main  components  of 
illuminating  gas,  respectively,  are  as  follows : 

Hydrogen, 2.22  lbs.  water 

Carbonic  Oxide, 2.16     "       " 

Marsh  Gas, 6.17    "       « 

OleflantGas, 10.74    "       « 

The  figures  here  being  obviously  about  in  the  same  ratio  as 
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those  in  the  second  colmnn  of  Table  I.  Sereral  most  gr&Te 
errors,  however,  are  here  involyed.  To  get  at  the  tme  relative 
calorific  effects  of  the  above  gases,  when  burned  in  the  open 
air,  in  heating  water  below  its  boiling  point,  de<lactions  most 
be  made,  not  only  for  the  specific  heats  of  the  products  of  com- 
bustion of  the  gas,  but  also,  more  important  still,  for  tke  epe- 
cific  heat  of  the  nitrogen  of  tke  air  required  to  bum  the  gas. 
In  fact,  when  we  consider  that  for  each  volume  of  oxygen  re- 
quired to  bum  a  given  volume  of  gas,  about  four  volumes  of 
nitrogen  must  be  heated  up  to  the  temperature  of  the  flame,  it 
becomes  easy  to  conceive,  what  is  actually  the  fact,  that  within 
certain  limits  the  waste  of  heat  due  to  this  cause  alone  counter- 
balances altogether  the  advantage  that  would  bo  supposed  to 
result  from  the  crowding  of  combustible  matter  into  so  cort- 
densed  a  form  as  in  the  illuminating  hydrocarbons.  An  inev- 
itable result  of  our  investigations  of  this  matter,  is  that  the 
heating  powers  of  the  flames  of  pure  hydrogen  and  pure  olefl- 
ant  gas,  even  when  used  to  the  greatest  advantage,  to  heat 
water  below  its  boiling  point,  are  almost  or  quite  identical. 

In  this  discussion  we  have  occasion  to  use  the  numbers 
representing  the  specific  heats  of  but  three  gases,  the  three, 
namely,  which  remain  after  complete  combustion,  steam j  car- 
bonic  acid  and  nitrogen;  as  we  must  assume  that  in  the  hottest 
and  most  luminous  zone  or  shell  of  the  flame,  there  is  no  oxy- 
gen in  excess  to  be  heated.  These  three  numbers  are,  accord- 
ing to  Reonault's  latest  determinations,  for  equal  weights  of 

Steam 0.4805 

Carbonic  acid 0.2168 

Nitrogen     .     • 0.2488 

(Liquid  wcUer  hemg 1.0000) 

That  is,  the  amount  of  heat  which  would  raise  one  pound  of 
water  and  steam  to  the  same  degree  are  in  the  ratio  of  0.4805 
for  the  pound  of  steam  and  1.  for  the  pound  of  water. 

Calcuuition  of  ths'Caix>bifio  Effbct  of  Htdboobn  Bubkiko  tx  Ant. 
Let  us  talce,  first,  the  simplest  case  possible,  that  of  hydro- 
gen with  exactly  the  right  admixture  of  pure  osygen  to  bum 
it,  which,  by  Table  I,  develops  a  total  heat  of  84462''  C;  that 
is,  would  heat  a  certain  weight  of  liquid  water  to  this  tempera- 
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tore.  In  order  to  find  the  actaal  amount  of  heat  contained  in 
the  products  of  combastion,  we  must  first  take  into  account 
the  fact  that  one  pound  of  hydrogen  bums  to  nine  pounds  of 
steam,  and  then  obtain  the  ratio  between  the  above  number, 
84,462,  and  the  amount  of  heat  necessary' to  heat  nine  times 
the  weight  of  steam,  that  is  nine  times  the  specific  heat  of 
steam.  Calling  the  total  residual  heat  in  the  produced  steam 
0?,  we  have  the  simple  proportion : 

9X(Sp.  heatof  Steain3s0.4806):  Mil»::  (Sp.  heatof  Water=l)::ef 

or,  a:  =  5**®^  =r  7969**  C*  =  14376^  F.; 

4.8S46  ' 

a  number  which,  we  may  add,  represents  the  maaminm  of  heat 
capable  of  being  imparted  to  liquid  tacOer  by  the  flame  of 
Haks's  oxyhydrogen  blow-pipe. 

Still,  we  have  by  no  means  here  the  actual  temperature  of 
the  free  or  open  flame  of  Habb's  blow-pipe ;  which  is  greatly 
lower  than  this  figure ;  as  we  have  not  yet  taken  into  account 
the  ''  latent  heat,"  or  heat  of  vaporization,  of  the  nine  pounds 
of  steam  fonaed.  The  Centigrade  temperature  necessary  to 
convert  one  pound  of  water  into  steam  being  537** ;  to  get 
the  acttuil  temperaiure  of  the  o^cyhydrogen  flame,  we  must 
modify  the  above  equation,  so  that 

^  _.  S44flr-(9Xfi87o) «.  g35io  Q  ^  12364^  F. 

4.3345 

which  is  the  temperature  actually  possible  in  the  flame  of  the 
compound  blow-pipe,  were  the  combustion  instarUaneous  and 
complete. 

When  hydrogen  gas  bums  in  air^  however,  as  has  been  be- 
fore stated,  another  deduction  of  enormous  amount  must  be 
made  from  the  above  flgures,  due  to  the  heat  required- to  ex- 
pand the  nitrogen.  This  is  obtained  simply  by  adding  to  the 
divisor,  as  above,  the  weight  of  the  nitrogen  of  the  air  em- 
ployed, multiplied  by  its  specific  heat.    The  weight  of  the 

•Bmranr,  in  his  Gasometry  (English  edition  of  1857,  p.  34S),  giyes  this  number 
as  8061*  C,  the  diirerenoe1)eing  due  to  the  oae  hy  him  of  a  diiferent  nnmher  for  the 
•peoiflc  heat  of  iteam,  namely,  0.475,  apparently  an  earlier  determination  of  Rbo- 
VAULT.  BUKSKir  ciakes  here  the  singnlar  oyerslgbt  of  regarding  this  ilgare  as  the 
temperature,  when  <*  the  giMft  call  ftetiy  expand;  aii  is  the  case  in  an  open  flame," 
oveitoefctu^thexorreotiOB  uecessaty  la  this  oaaelbr  the  lafmtf  kmt  ^t$mm  of 
combuMon^  as  is  explained  In  the  text  a1^^. 
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nitrogen  in  air  =  3.818  times  the  oxygen ;  so  that  the  latt^  of 
the  above  equations  becomes 

X  = ^^~(»X83r) 2744.5**  C.  =  4972** F. 

4.384B+(8X84n8X0.«488) 

[We  wish  to  point  out  that  we  have  here  a  fhll  explanati<m 
■  of  the  extraordinary  rate  of  degradation  of  illmninating  gas 
by  admixture  of  air,  which  we  have  discussed  elsewhere.  The 
nitrogen  of  such  air  is  not  merely  a  diluent,  or  even  a  mere 
deductive  quantity ;  its  specific  heat  is  an  actual  dAvi»ory  func- 
tion in  diminishing  the  flame  temperature.] 

This,  then,  is  the  actual  temperature  which  the  flame  of  hy- 
drogen gas  burning  in  the  atmosphere  might  attain  to,  suppos- 
ing complete  and  instantaneous  combustion.  If  it  is  desired 
to  obtain  instead,  the  total  calorific  effectiveness,  as  in  heating 
water  below  its  boiling  point — in  which  case  the  latent  heat  of 
the  steam  of  combustion  becomes  also  available — the  ^bove 
expression  is  changed  by  simply  omitting  the  subtrahend  in 
the  numerator : 


, a44flB*  


3192^  (7.  =  5778**!?'. 


4J»45  + 6.4714 

Caloulation  of  the  Calobixig  Bftbct  of  Cabbomig  Oxidb  BuKNnra  nr  An. 

As  the  product  of  combustion  is  here  solely  carbonic  add,  no 
latent  heat  of  steam  enters,  and  the  calorific  effectiveness  is 
the  same,  under  all  circumstances,  in  air.  In  the  numerator 
we  substitute  of  course  the  calorific  equivalent  of  one  volume 
of  carbonic  oxide  from  Table  I ;  and  in  the  denominator,  for 
the  specific  heat  of  nine  pounds  of  water,  that  of  twenty-two 
pounds  of  carbonic  acid,  being  the  weight  of  the  latter  formed 
by  the  combustion  and  combination  of  fourteen  pounds  (wei^t 
of  a  volume  of  carbonic  oxide  on  the  hydrogen  scale  by  third 
column  of  Table  I.)  of  carbonic  oxide,  with  eight  pounds  of 
oxygen.  The  number  for  the  specific  heat  of  nitrogen  is  the 
same  as  before,  and  the  equation  is  now 

(22X0S1<»)  +  6.47=U.23 

MAB8H  6A8  and  OLEFIAMT  GA8. 

In  these  two  cases,  we  have  as  products  of  combustion  both 
carbonic  acid  and  water;  and,  therefore,  when  the  calorific 
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effects  are  sought  for,  we  have  not  only  the  latent  heat  of  steam 
entering  as  a  subtrahend  into  the  numerator;  but  also  into 
the  denominator,  as  divisors,  all  three  of  the  specific  heats  of 
steam,  carbonic  acid  and  nitrogen. 

Then,  as  eight  pounds  of  marsh  gas  consume  thirty-two 
pounds  of  oxygen,  and  produce  twenty-two  pounds  of  carbonic 
acid,  and  eighteen  pounds  of  steam ;  and  as  fourteen  pounds  of 
oleflant  gas  consume  forty-eight  pounds  of  oxygen,  producing 
forty-four  pounds  of  carbonic  acid,  and  eighteen  pounds  of 
steam,  the  equations  for  the  calorific  powers  of  their  flames  in 
air  become — 

For  marsh  gas : 


X 


10AB0i*~(18.Xfi»7*) 


(18.X«W)+(M.X^l«8)+(M.X»Ja8X.««8) 

And  for  oleflant  gas : 


=  2414*»C  =  4886**F. 


«  = 


ieeoiy~(i8.xg87*) 


(18.  X -4806) + (44.  X -SIW)  +  (^- XS-818X -9488) 


=  2743  0.=  4970*  F. 


The  following  Table  gives  all  the  results  of  our  calculations 
by  the  above  methods. 


rrA.sus   II. 


Fob  Equal  Voluiobs  of  thx 

QABMB  BUBMOrO  IN  AIB. 


(Sp.  Heal  HO  » .4806) 

Hydrogen  <  (Sp.  Heal  HO  s  .4700) 

.(Mean,    .... 

Carbonic  Ozide, 

KanbGUM,  (Sp.  Heal  HO  » .4806) 
Oleflant  Gas,      "  <«    .4806) 


OALOBinO  Effbctb 

m  HxATDTO  Liquid 

Watbb. 


Centigrade 
Ded^eet. 


9816* 


Fahrenheit 
Degrees. 


6778*  ] 


6788*  , 
6426* 


6481* 


Calobdic  Bffbcts 
ABOYX  100*  c. 


Centigrade 
Degrees. 


97U* 
S75&* 

9740* 


9414* 
974r 


Fahrenheit 
Degrees. 


COXPUTATIOirB  OF  CALOXmO  BFVB0T8  OF  MiZXD  OjLBXS. 

The  above  Table  renders  the  calculation  of  the  calorific 
effects  of  any  given  gaseous  mixture,  whose  centesimal  compo- 
sition is  known,  a  matter  of  extreme  simplicity*    It  is  only 
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necesBary  to  obtain  the  sum  of  the  multiples  of  the  peroentage 
of  each  oomponent  gaa  into  its  calorific  capacity,  as  given  in 
this  Table,  and  divide  by  JOO. 

To  serve  as  examples  of  these  modes  of  computation,  we  here 
dte,  in  tabular  forms,  the  results  of  some  analyses  of  a  num- 
ber of  gaseous  mixtures  made  by  us  durixig  the  past  winter 
(1868-69).  [These  analytical  results,  it  may  be  remarked, 
possess  points  of  novelty  and  importance,  both  scientific  and 
practical,  which  will  bring  them  up  again  hereafter,  in  otiier 
connections.    They  are  here  placed  on.  record.] 

Table  m,  gives  the  results  of  two  analyses  of  gaseous  mix- 
tures obtained  by  passing  steam  superheated  to  incandescence 
upwards  through  a  mass  of  anthracite  coal  heated  to  a  high  de- 
gree in  a  clay  retort  of  a  novel  construction,  according  to  what 
is  now  known  as  the  Ghcynne-Harrie^  or  Ameruxun  JBydrooar- 
bon-Gas  System.  In  this  table  the  results  are  calculated  with- 
out carbonic  acid  and  sulphuretted  hydrogen,  which,  with 
traces  of  nitrogen,  and  sometimes  of  oxygen,  are  found  in  the 
unpurified  anthracite  ga^ . 

T^SXiS     III. 

▲  NALTfrBS    OF   ANTHBACITB    HTDBOCABBON    QABZ 
Br    SITJiTMAN    AXD   WUBTZ. 


Hydrogen,  .  . 
Carbonic  Oxide, 
MarBh  Gas,  .    . 


eO.48 
86.44 
4.13 


100.00 


69.82 
87.14 
8.64 


100.00 


69.87 
86  J9 
8.84 


100.00 


In  Table  IV,  column  (1)  gives  the  results  of  an  analysis  of 
the  street  gas  served  out  at  this  period  by  the  New  Haven  Oas- 
Light  Co.y  made  from  Westmoreland  coal  enriched  with  about 
six  per  cent,  of  albertite.  Column.  (2)  exhibits  thv  meatf  of 
four  flcnalysea  of  the  completed  Hydeoucrbon  On,  made^  by  ua 
tft'Eait  Haxren  during  ttie  flaa»tim0:^byxiaBfeiaiaygMlbc»m.t^^ 
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Bame  Westmoreland  coal  (with  ten  per  cent,  of  albertite)  with 
half  its  volume  of  the  anthracite  gas. 

Columns  (8)  and  (4)  are  obtained  from  (1)  and  (2),  by  cen- 
tesimal reduction,  after  deduction  of  the  illuminant  ingredients, 
being  what  we  propose  to  designate  as  the  non-illuminating 
substrata  of  illuminating  gases. 

'  ANALTSEB     OF    XI^LUMIN ATING    OA8B8: 

Bt  SILLBCAN  Aim  WUBTZ. 


(1.) 

New  Haven 
City  Gas. 

(8.) 

Fair  Haven 

Hydrocarbon 

Gas. 

of  New  Haven 
Gas. 

of  Fair  Haven 
,  Gas. 

Hydrogwn.      .    . 
Car1>onio  Oxide, 
ManshGas,     .    . 
mmninants,   .    . 

48^ 
2.U 

47.42 
6.86 

46.77 
9.56 

86.71 
6.96 

46.79 
84tl 
60.90 

60^ 
10.27 
89.46 

100.00 

100.00 

100.00 

100^ 

Table  Y.  gives  the  results  of  the  computations,  f^om  our 
/ormuZoe,  of  the  calorific  powers  of  these  five  gaseous  mixtures, 
for  communicating  temperatures  both  above  and  below  that  of 
aqueous  ebullition.  We  should  remark  that  we  have  here  been 
obliged  to  regard  the  volumes  of  illuminant  hydrocarbons  as 
representing  olefiant  gas  solely ;  both  because  we  have  no  cer- 
tain data  as  to  their  real  nature,  and  particularly  because,  if 
we  actually  knew,  or  should  assume,  the  nature  of  the  hydro- 
carbon vapors  present,  still  we  have  no  experimental  calorific 
equivalents,  as  we  have  for  olefiant  gas,  from  which  to  start,  in 
such  a  computation.  We  have  reason  to  believe  that  the  errors 
thus  introduced  are  not  important  in  amount. 

•  The  last  two  columns  of  Table  Y.  have  been  calculated  to 
fhmish  a  direct  comparison,  for  each  of  these  gases,  of  its 
calorific  power  compared  with  that  of  the  New  Haven  street 
gaS)  the  latter  taken  as  =  100. 
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GALOBOTO  EWBOnVBlCBBB   OF  OABEOUS  mZTUBBS;    COXFUTKD  FBOX  THB 
FORMUUE  AND  ANALT8E8  OF 

SILLIMAN    AND'WUBTZ. 


Weights  of 

100*  G.  by  Equal 
Volames. 

Weights  of 

100»C.byEqaal 
Volumes. 

FtntColnnm 
radaeedto 

New  Havea 
Gas -100. 

8eooDdCol«nB 

Kdoeedto 

New  Haven 

Qas-100. 

8100 

8828 

104S 

100^ 

New  Haven  Gas;        ) 

2917 

8681 

98.1 

99.6 

Fair  Hayen  Gas;        \ 

8088 

8640 

90^ 

l€Bi> 

New  Haven  Gas;    ) 
with  niuminants 
assumed  =  01efiant,  ) 

8874 

8668 

100.0 

100i> 

Pair  Haven  Gas;     > 
with  ninminants 
assumed  ST  Oleflant,  ) 

8060 

8647 

WJ& 

IQBJ 

Oondusiona. — Some  of  the  practical  conclnsions  to  which 
we  are  of  necessity  compelled,  by  the  results  of  the  above  inr 
vestigations,  are  so  novel  and  remarkable,  that  we  feel  diffident 
regarding  them.  It  is,  however,  always  safe  to  follow  the  lead- 
ing of  Trath,  however  astray  she  may  lead  us  from  our  precon- 
ceived notions. 

It  is  apparent  from  Table  11 : 

1.  That  of  all  known  gases,  the  highest  calorific  eflfects, 
under  ordinary  atmospheric  conditions,  are  obtainable  from 
carbonic  oxide;  whose  calorific  value,  above  100^  (?.,  is  about 

8000*  a 

2.  That  in  absolute  calorific  value,  below  100"  C,  in  the  at- 
mospheric medium,  hydrogen  surpasses  its  volume  of  any  other 
gas ;  giving  a  temperature  of  about  3,200**  0. 

3.  That  for  all  modes  of  application — that  is,  for  producing 
both  high  and  low  temperatures — the  total  maximum  calorific 
effectiveness  of  carbonic  oxide  is  a  constant  quantity,* 

*Metallargi8t8,  especially,  will  appreciate  the  suggestive  import  of  the  truths 
presented  under  the  first  and  tliird  heads;  here  enunciated,  as  we  think,  for  the 
first  time.  It  is  to  be  noted  that  all  the  above  effects  belong  to  the  maximum  kind, 
andf  of  course,  reach  theh*  development  only  under  the  most  iHvorable  eondittoas 
in  each  case  respectively. 
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4.  Compound  condensed  submoltiple  volumes  of  hydrogen, 
Hke  that  in  marsh  gas,  have  mach  less  total  calorific  value  in 
air  tiian  their  volume  of  free  hydrogen. 

5.  Ck>ndensed  compound  submultiple  volumes  of  gaseous 
carbon,  like  that  in  defiant  gas,  have  no  greater  total  calorific 
value,  in  air,  below  100°  C,  than  their  own  volume  of  carbon 
gas  in  the  form  of  carbonic  oxide ;  while  above  100°  (?.,  their 
value  is  even  considerably  less. 

The  above  investigations  of  calorific  powers  has  been  found 
by  us  a  necessary  preliminary  to  a  more  important  and  far 
more  difilcult  experimental  investigation  of  the  subject  of 
Flame  Temperatures,  which  we  have  in  progress,  and  upon  the 
condition  of  which  we  hope  to  report  at  an  early  day.  As  it  is 
Mly  recognized  now  (from  the  results  of  Bunsbn,  Bebthxlot, 
DsviiXB  and  Debbat,  and  others)  that  in  no  body  of  burning 
gases,  at  any  one  time  or  place,  does  the  entirety  of  the  com- 
bustible constituents  enter  at  once  into  the  combustion ;  it  is 
dear  that  the  actual  maximnm  temperatures,  or  calorific  inten* 
sities  of  the  flames  of  the  above  gases  can  in  no  case  be  so 
high  as  the  figures  established  as  above,  by  us,  for  their  total 
calorific  powers.  Conditions  enter  here  which  render  this 
problem  one  of  the  most  complex  and  difficult  that  has  yet 
been  attacked  by  chemists. 


5.  OsT  SoMB  New  Pbofebties  of  Phosphobic  Acn>.    By  E. 
N.  HoBSFOBD  of  Cambridge,  Mass. 

It  has  long  been  known  that  phosphoric  acid  exists  in  three 
well  marked  modifications,  distinguished  as 

Ordinary  Phosphoric  Acid, 
Pyrophosphoric  Acid,  and 
Metaphosphoric  Acid. 

The  first  combines  with  three  atoms  of  base,  the  second  with 
two  atoms,  and  the  third  with  but  one.  To  Dr.  Clarke  of 
Aberdeen  we  owe  the  discovery  of  pyrophosphoric  acid,  and  to 
Prof.  Graham,  of  the  Boyal  Mint,  the  discovery  of  metaphos- 
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phoric  acid  and  the  clearer  definition  of  the  characteristics  by 
which  the  three  acids  are  distinguished  from  each  other.  To 
Fleitmann,  Henneberg  and  Maddrel  are  we  indebted  for  a  large 
addition  to  our  knowledge  of  phosphoric  add,  and  especiaUj 
of  metaphosphoric  acid.  These  chemists  have  presented  ns  a 
series  of  metaphosphoric  acids,  which  in  their  salts  may  be 
represented 

MeO.       POi 

2MeO.    2Poa 

8  MeO.    3  Pos 

iMeO.    4P05 

6  MeO.    6  P05 
and  an  acid  of  the  constitution  6  JfeO.    5  Po^, 

Dr.  Clark  long  ago  pointed  out  that  ordinary  phosphoric  add 
in  solution  concentrated  till  its  temperature  rose  to  215"  C 
was  converted  for  the  most  part  into  pyrophosphoric  add. 
The  same  acid  may  be  produced  by  ignition  of  tribasic  phos- 
phate of  soda,  and  the  metaphosphate  by  ignition  of  microoos- 
mic  salt — tribasic  phosphate  of  soda,  ammonia  and  water. 

In  these  latter  cases  of  conversion  by  heat,  the  characteristic 
acid  was  determined  by  the  measure  of  fixed  base  present. 

To  these  laws  I  have  to  add  two  more  2 

First,  That  whatever  the  relation  of  fixed  base  to  add  is  be- 
tween one  and  three  of  base  to  one  of  acid,  on  ignition  the 
acid  potentiality  subsides  precisely  to  the  horizon  of  the  fixed 
base  present. 

Second,  That  within  certain  limits,  greater,  however,  than 
these,  that  is,  containing  less  than  one  of  base  to  one  of  add, 
this  metamorphosis  may  take  place  when  the  base  is  lime  by 
simple  drying  at  ordinary  temperatures;  thus,  for  example, 
one  of  base  to  one  of  tribasic  phosphoric  acid,  allowed  hj^m- 
taneously  to  dry  by  evaporation,  will  become  the  uniting  equiv- 
alent of  the  base  present-^ that  is,  the  salt  will  become  inert. 

These  two  laws  I  discovered  several  years  since,  and  desire 
to  place  them  on  record,  as  a  duty  to  myself,  although  I  am 
not  prepared  to  present  the  fhll  evidence  which  justifies  the 
announcement.  I  may  state,  however,  as  a  general  illnstrar 
tion,  that  I  have  prepared  an  acid  phosphate  in  crystalline  form, 
in  which  the  acid  exceeded  the  ratio  of  one  of  tribasic  acid  to 
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one  of  base,  and  have  observed  that  whereas  it  had  at  the  time 
of  its  preparation  an  acid  strength  which  I  will  indicate  by 
100.  A  few  days  later  its  acid  strength  has  fallen  to  90 ;  later 
still  to  80 ;  later  still  to  70 ;  later  still  to  50 ;  a  year  later  to  0. 
This  acid,  however,  in  contact  with  water,  after  a  long  time 
resumed  its  fhll  energy,  and  in  contact  with  a  solution  of  soda 
resumed  it  with  much  greater  rapidity. 


6.  Phosphobic  Acm,  Iron  and  Potassium,  Constituents  of 
Chlorophtl.    By  E.  N.  Horsford  of  Cambridge,  Mass. 

At  the  meeting  of  the  Association  at  Chicago,  I  announced 
the  discovery  of  phosphoric  acid  as  a  constituent  of  the  ethe- 
rial  solution  of  butter. 

As  the  butter  is  derived  from  the  food  which  the  cows  re- 
ceive, the  suggestion  that  it  might  be  foand  in  the  ethereal 
solution  of  grasses  and  clover  was  natural.  These  were 
treated  with  ether,  the  solution,  after  two  or  three  days,  poured 
off  and  spontaneously  evaporated  to  dryness.  The  residue  was 
ground  intimately  with  several  times  its  volume  of  magnesia, 
previously  demonstrated  to  be  f^e  from  phosphoric  acid ;  the 
mixture  burned  to  whiteness  and  tested  with  nitric  acid  and 
molybdate  of  ammonia.  This  gave  at  once  the  characteristio 
yellow  precipitate  of  phospho-molybdate  of  anunonia,  thus 
proving  the  presence  of  phosphoric  acid  in  the  chlorophyl. 
The  phosphoric  acid  was  also  determined  as  phosphate  of 
aimnonia  and  magnesia. 

The  chlorophyl  was  also  treated  directly  with  nitric  acid, 
and  where  the  ether  had  evaporated,  and  the  wax-like  body 
separated,  to  float  on  the  surface  of  the  liquid.  Molybdate  of 
ammonia  gave  from  the  solution  the  yellow  precipitate,  indi- 
cating the  presence  of  phosphoric  acid. 

The  readiest  method  for  recognizing  the  phosphoric  acid  is 
to  agitate  the  ethereal  solution  of  chlorophyl  with  one-fourth 
its  volume  of  concentrated  muriatic  add,  which  resolves  the 
green  into  two  layers,  one  the  blue  below,  the  other  the  yellow 
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above,  as  observed  by  Payen ;  and  then  separate  the  bfaie  by 
dialysis  into  water  containing  a  trace  of  ammonia.  This 
liquid  on  the  addition  of  nitric  acid  and  boiling  for  a  moment, 
gives,  with  molybdate  of  ammonia,  the  characteristic  reactloii 
for  phosphoric  acid.  With  sulphate  of  magnesia  and  ammo- 
nia, it  gives  the  characteristic  precipitate  of  ammonia-phos- 
phate of  magnesia. 

From  the  same  solution  sulpho-cyanide  of  potassium  gave 
the  characteristic  reaction  for  iron ;  and  fenM^yanide  of  potas- 
sium gave  with  proper  dilution  at  first  only  a  green  shade, 
becoming  after  exposure  to  the  air  for  some  time,  Prussian 
blue,  thus  confirming  the  discovery  of  Yerdeil  of  the  presence 
of  iron  in  chlorophyl.  The  flame  of  the  chlorophyl  residue 
gave  with  the  spectroscope  the  red  and  blue  lines  of  potas- 
sium. This  observation,  conducted  with  great  cai«  with  the 
aid  of  Prof.  Winlock  and  Prof.  Watson,  was  so  many  times 
repeated  as  to  leave  no  room  for  doubt  on  the  point. 

The  examination  for  phosphoric  acid  was  continued  in  the 
chlorophyl  of  the  leaves  of  Indian  com,  of  the  potato,  ci 
melons,  squashes,  sunflowers,  the  pear,  cherry,  apple,  the  Vir- 
ginia creeper,  the  westeria  and  bignonia,  the  ash,  elm,  m^le, 
oak,  sumach,  many  varieties  of  shrubbery  and  flowering  plants, 
the  arbor  vitiB,  numerous  fresh  and  salt  water  plants  and 
indeed  of  most  of  the  varieties  of  green  vegetation  that  were 
accessible.  Phosphoric  add  was  found  in  all.  The  ethereal  ex- 
tract of  the  larvffi  feeding  on  the  elm,  which  was  for  the  most 
part  chlorophyl,  contained  phosphoric  add. 

It  was  noticed  that  the  chlorophyl  extract,  when  spontane- 
ously dried  down  gave  in  each  case  some  shade  distinguished 
on  account  of  its  brightness,  or  dullness,  or  perishability, 
when  kept  for  a  short  time. 

In  the  ethereal  extract  of  the  colored  petals  of  several  culti- 
tivated  flowers,  I  found  no  phoi^oric  acid.  It  was  wanting  in 
the  blue  blossom  of  dchory.  In  the  red  flower  of  the  big- 
nonia it  was  found,  but  there  seemed  to  be  a  certain  quan- 
tity, small,  but  actual,  of  chlorophyl  present.  It  was  found 
only  in  traces  in  the  extract  of  the  purely  red  portion  of  the 
leaves  of  the  coleus  and  zinns.  In  the  extract  of  the  red 
leaves  of  ripening  Indian  com  it  was  less  and  less,  or  wholly 
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wantiiig,  and  the  same  was  trae  of  the  yellow  autamn  leaves 
of  the  oak,  middle,  sumach  and  nomeroiis  other  colored  leaves 
which  were  examined. 

While  the  green  potato  leaves  yielded  phosphoric  acid  in 
the  ethereal  extract,  the  white  spronts  of  potatoes  grown  in 
the  dark  did  not  contain  it. 

A  great  variety  of  fhngi  (mushrooms,  edible  or  otherwise), 
of  white,  red  and  yellow  coloration  beneath,  for  the  most  part 
yielded  to  ether  an  extract  containing  waxy  or  fatty  bodies,  in 
which  phosphoric  acid  was  found. 

The  ethereal  extract  of  English  breakfast  tea  gave  phos« 
phoric  acid,  as  did  that  of  the  wax  of  the  bayberry,  while  that 
of  bees'  wax  did  not.  It  was  not  found  in  the  ethereal  extracts 
of  white  or  brown  muscovado  or  cane  sugar,  or  cod  liver  oil. 
It  cannot  be  doubted  that  phosphoric  add,  iron  and  potassium 
are  constitaents  of  chlorophyl. 


7.  On  the  Relation  Between  the  Intensftt  of  Light  Pro- 
duced FROM  THE  Combustion  of  Illuminatino  Gab  and 
the  Volume  of  Gas  Consumed.  By  Benjamin  Silli- 
MAN  of  New  Haven,  Conn. 

In  photometric  observations  made  to  detennine  the  illumin* 
atmg  power  or  intensity  of  street  gas,  it  is  the  practice  of 
observers  to  compute  their  observations  upon  the  assumed 
standard  of  five  cubic  feet  of  gas  consmned  for  one  hour,  and 
in  the  constantly  occurring  case,  of  a  variation  from  this 
standard,  whether  in  the  volume  of  the  gas  consumed  or  in  the 
weight  of  spermaceti  burned,  the  observed  data  are  computed 
by  the  ^*  rule  of  three,**  up  or  down,  to  the  stated  terms.  The 
standard  spermaceti  candle  is  assumed  to  consume  120  grains 
of  sperm  in  one  hour,  a  rate  which  is  rarely  found  exactly  in 
actual  experience. 

For  example,  a  given  gas,  too  rich  to  bum  in  a  standard 
Argahd  burner  at  the  rate  of  five  cubic  feet  per  hour  without 
smoking,  is  consumed  at  the  rate  of  S}  cubic  feet  to  the  hour, 
with  an  observed  eflfoct  of  20  candles  power.    This  result,  pre* 
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yioasly  corrected  by  the  same  role  for  the  sperm  consomed,  is 
then  brought  to  the  standard  of  five  cable  feet  by  the  ratio 
8.5:  20  =  6:  28.57. 

The  candle  power  of  the  gas  is  therefore  stated  as  28.57 
candles,  and  this  result  has  been  universally  accepted  as  a 
true  expression  of  the  intensity  of  the  gas  in  question,  or  the 
relative  value  of  the  two  consumptions. 

In  common  with  other  observers  I  have  long  suspected  that 
this  mode  of  computation  was  seriously  in  error,  as  an  expres- 
sion of  the  true  intensity  of  illuminating  flames,  and  tliat  there 
were  other  conditions  besides  the  volume  of  gas  or  weight  of 
sperm  consumed  which  must  influence,  and  greatly  modify  the 
results.  As  most  of  these  conditions  are  considered  somewhat 
at  length  in  a  paper  on  Flame  Temperaturesy  prepared  chiefly 
from  researches  conducted  by  Prof.  Wurtz  and  myself,  and 
presented  at  the  Salem  Meeting  of  the  Association,  they  need 
not  be  discussed  in  this  connection. 

The  results  of  many  trials,  made  with  the  purpose  of  deter- 
mining the  value  of  these  photometric  ratios,  indicate  clearly, 
that  the  true  ratio  of  increase  in  intensity  in  illuminatiiig 
flames  is,  within  certain  limits,  expressed  by  the  foUowing 
theorem,  viz. : 

The  intermty  of  gas  flames^  i.  e.  iUuminating  power^  increases 
(within  the  ordinary  limits  of  consumption)  as  the  square  oj 
the  volume  of  the  gas  consumed. 

As  the  flrst  experimental  demonstration  of  this  theorem  was 
made  by  Mr.  William  Farmer,  the  photometric  observer  at  the 
Manhattan  Gas  Co.'s  works  in  New  York,  I  propose  to  speak 
of  it  as  ^*-  Farmer's  theorem."  I  am  also  indebted  to  Hr. 
Farmer  and  to  Mr.  Sabbaton,  the  well  known  and  courteous  En- 
gineer of  the  Manhattan  Gas  Light  Ck)mpany,  for  the  free  use 
of  their  experimental  data,  and  the  permission  to  employ  them 
in  illustration  of  Farmer's  theorem. 

The  fundamental  importance  of  this  new  mode  of  computa- 
tion will  at  once  appear,  if  assuming  it,  for  the  sake  of  illus- 
tration to  be  true,  we  apply  it  to  the  case  already  given  above 
which  then  becomes : 

8.5j:20  =  5,:40. 

Showing  an  increase  of  about  forty  per  cent,  over  the  old  nde 
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of  correction.    Let  me  see  how  far  this  theorem  is  sustained 
by  the  test  of  experiment. 

Experimeiit  Is^  Two  similar  gas  flames,  one  at  each  end  of 
the  photometer  bar,  were  made  to  give  exactly  the  same  inten- 
sity of  illumination.  This  was  accomplished  of  course  by 
placing  the  Bunsen  (iisc  midway  between  the  two  burners, 
and  regulating  the  combustion  until  the  disc  was  perfectly 
neutral ;  the  consumption  being  noted  equal  by  two  wet  gas 
meters  under  the  same  pressure.  The  screen  was  then  moved 
upon  the  bar  to  a  point  just  four  times  as  far  from  one  flame 
as  it  was  from  the  other,  i.  e.,  the  bar  being  100  Inches  the 
screen  stood  at  80,  t.  e.,  as  1 : 4.  The  light  from  the  distant 
burner  was  then  increased  until  the  disc  again  showed  an 
equality  of  illumination.  On  reading  the  rate  of  gas  con- 
sumed by  the  two  burners  respectively,  one  gave  8.66  cubic 
feet  and  the  other  7.32  cubic  feet,  or  exactly  double,  or  in 
other  words  the  lights  were  as  the  square  of  the  volumes  of 
gas  consumed,  thus :  3.66, :  7.32s  =1:4. 

By  the  old  rule  the  intensity  would  have  been  estimated 
directly  as  the  volume  of  the  gas  consumed,  thus : 
8.06:7.32=1:2. 

Eixperiment  2d.  The  following  results  were  obtained  with 
the  use  of  a  standard  Argand  burner.  The  readings  of  the 
index  meter,  the  gas  consumed  in  cubic  feet,  and  the  ratio  of 
the  lights  produced,  are  given  in  three  columns,  viz. : 

Index,  .0550  =  3.30  feet.  =  1     light. 

"  .0725  =  4.35     «  =  2.1      " 

«  .0856  =  5.18     "  =  8.2      " 

"  ,0926  =  5,56     «  =  4.        " 

In  this  series  the  lights  increase  in  considerably  higher  ratio 
than  is  required  by  Farmer's  theorem,  which  demands  6.60 
cubic  feet  corresponding  to  a  fourfold  consumption,  while  the 
actual  consumption  was  1.05  cubic  feet  less  than  the  quantity 
required  by  the  theorem. 

Eiq>eriment  3d.  The  following  series  was  obtained  by  an- 
other Argand  burner. 

Index,  .062  =  8.72  cub.  feet,  =  1  light. 

"  .0814  =  4.88        "  =  2    '* 

«  .1000  =  6.00        "  =  8    " 

"  .1203  =  7.219       «  =  4     « 
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In  this  series  the  ratio  is  more  nearly  in  accordanee  wifli 
the  demands  of  the  theorem,  the  intensity  being  still  a  little 
in  excess  of  the  squares  of  consumption  (3.72X2=7.44  in 
place  of  7.219). 

The  gas  employed  in  these  comparisons  had  a  candle  power 
of  about  14  candles. 

Eixperiment  ith.  Results  obtained  by  a  oomparison  of  fish- 
tail burners,  ratio  as  4  and  9  feet  respectively. 

A.  Index,        .0750    =    4.500  cub.  feet.    =    1  light. 

B.  "  .1586     =     9.519  "       =     4      " 

In  this  comparison  the  ratio  falls  but  little  short  of  the  de» 
mands  of  the  theorem. 
EitperimerU  5th.    Comparison  of  fish-tail  burners. 

A.  Index,  .086     =      5.16  feet.     =     1.85. 

B.  "  .1677    =     10.06     "       =    4. 

In  this  trial  the  departure  from  the  requirements  of  tiie 
theorem  is  considerably  greater  than  in  any  of  the  inreceding 
experiments.  But  it  appears  that  from  some  cause  the  ratio 
of  the  squares  does  not  hold  with  gas  of  the  power  used  in 
these  trials  (14  candles),  where  the  consumption  rises  above  ^ 
or  falls  much  below  3  cubic  feet.  This  is  undoubtedly  con* 
nected  with  the  well  recognized  ftict,  that  there  is  fbr  each  gas 
a  kind  of  burner  and  a  volume  of  gas  better  calculated  tfasn 
any  other,  to  develop  its  maximum  intensity. 

EoEperimerU  Sth.  This  series  was  designed  by  Mr.  Farmer  to 
test  by  a  direct  comparison  the  value  of  the  new  as  contrasted 
with  the  old  method  of  correction.  Both,  trials  were  made 
upon  the  same  gas,  the  second  observation  following  inunedi« 
ately  after  the  first  and  with  the  same  candle,  and  therefore 
should  give  about  the  same  candle  power. 

Ist  Trial.    Consumption  of  sperm    32.7      grains. 

^^  of  gas  5.004  cubic  feet. 

Mean  candle  power  (15  observations)     13.93    candles. 

2d  Trial.     Consumption  of  sperm     32.2      grains. 

^^  of  gas  4.58    cubic  feet. 

Mean  candle  power  of  15  observations    11.8      candles. 

The  above  data  calculated  by  Farmer's  theorem, 
5.004  cubic  feet,  and  32.7  grains  give  15.15  candles. 
4.58        *'       "       "    32.2      "        "      15.09       " 

Difference,        .06       ** 
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Cdlculated  by  the  old  rule. 
5.004  cubic  feet  and  32.7  grains  give  .15.16  candles. 
4.58       «        "      "     32.2       "         "      13.82       " 

Difference,  1.34  " 
It  is  obvious  from  the  study  of  these  results,  that  within  the 
limits  named  the  increase  of  intensity  in  gas  flames,  whether 
naked  or  Argand,  is  at  a  ratio  certainly  as  great  as  the  squares 
of  the  volumes  of  gas  consumed ;  and  hence  it  follows  that 
all  the  photometric  determinations,  which  have  been  obtained 
by  computation  from  volumes  greater  or  less  than  the  assumed 
standard  of  five  cubic  feet  per  hour,  in  the  simple  ratio  of  the 
volumes  consumed  must  be  considered  as  quite  worthless,  pro- 
vided the  theorem  of  Farmer  here  announced  is  confirmed. 

It  is  evident  also  that  this  theorem  applies  with  equal  force 
to  the  weight  of  sperm  consumed  by  the  standard  candle  as 
to  the  volumes  of  the  gas  burned  in  equal  times. 

With  a  view  to  test  the  theoreom  of  Farmer,  I  at  once 
sought  to  apply  it  to  the  case  of  pertain  observations,  I  had 
made  upon  very  rich  gas  obtained  from  cannel  and  other  rich 
coals.  The  photometric  power  of  these  gases  had  been  meas- 
ured in  the  usual  way  heretofore  practiced  by  observers,  by 
burning  a  less  quantity  than  five  cubic  feet  in  the  standard 
Argand  and  then  computing  up  to  a  standard  of  five  cubic  feet 
by  direct  ratio.  The  results  of  this  comparison  appear  to  go 
far  to  confirm  Farmer's  theorem. 

Peytcma  Gas,  This  gas  was  made  from  a  coal  of  West 
Virginia,  known  as  Peytona  Cannel  Coal.  It  was  much  too 
rich  to  permit  the  flow  of  five  cubic  feet  from  the  15  hole 
Argand  burner,  with  a  perfect  combustion.  The  gas  was  there- 
fore reduced  by  mixture  with  a  measured  volume  of  street  gas 
of  known  value  and  the  illuminating  power  of  the  mixture 
having  been  carefully  determined  the  value  of  the  Peytona  gas 
alone  was  readily  calculated  and  fixed  at  42.79  candles.  The 
following  trials  exhibit  the  result  obtained  by  burning  smaller 
volumes  of  Peytona  gas,  and  the  values  obtained  by  the  two 
methods  of  calculation. 

Ko.  1  Argand  burner  consuming  6  cubic  ftot  per  hour,  mixed  gas =42.79  candles. 

2  "  "  «  8^       "  »*  "  18.85        «»  * 

3  "  «*  «<  3.48       "  "  a0.9i       " 

Here  No.    1   represents  very  nearly  the  true  illuminating 
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power  of  the  gas,  and  may  be  assomed  as  a  fair  criterion  of 
the  law  under  consideration.    • 

By  Farmer's  Theorem, 

No.  2  becomes  3.24«:  18.95  =  5*:  45.12  candles. 

8         "        3.48«:  20.94  =  5«:  43.22        " 

By  direct  ratio  (old  rule). 

No.  2  becomes  3.24 :  18.95  =  5  :  29.24  candles. 

8        "         3.48:20.94  =  5:30.09        »« 

By  this  it  appears  that  by  the  old  rule,  assuming  the  true 
candle  power  of  the  gas  to  be  42.79  candles,  the  two  obser- 
yations,  Nos.  2  and  3,  are  in  error  by  about  30  per  cent.,  while 
by  Farmer's  theorem  the  error  is  reduced  to  3  per  cent,  the 
former  being  too  small  and  the  latter  too  large. 

Albert  Gas.  The  well  known  AlbertUe  of  New  Bmnswick, 
f\imishes  a  gas  of  remarkable  richness.  Its  true  candle  powCT 
can  be  measured  only  by  diluting  it  largely  with  street  gas  of 
known  value,  and  calculating  it  from  the  determined  intensity 
of  the  mixture.  In  this  way  the  gas  from  Albertite  is  shown 
to  have  an  intensity  equal  to  70.38  candles.  The  following 
results  were  obtained  by  consuming  different  volumes  in  the 
burners  named. 

No.  1  Argand  burner  consuming  5  cubic  feet  =  70.38  candles. 
2        "  "  "  2.25     «        =  16.39       " 

3 'Scotch tip' "  "  3.        "       =25.25       « 

By  Farmer's  Theorem. 

No.  2  becomes  2.5»:  16.39  =  5*  :  65.56  candles. 

3         "        3^     :  25.25  =  5«  :  70.14       « 

By  simple  ratio. 

No.  2  becomes    2.5 :  16.39  =  5  :  32.78  candles. 

3         "  3     :  25.25  =  5 :  42.08       « 

The  differences  from  the  assumed  standard  of  70.38  candles 
are  as  follows : 

By  the  old  rule.      No.  2  falls  short  37.6  candles  or  115  pr.  ct 
"  Farmer's  theorem   "       "       "       4.72  "         7.1    " 

"  the  old  rule,       No.  3     "       «     28.30  "      67.25  " 

«  Farmer's  theorem  "      *<        "       0.24  "        0.34  " 

It  will  be  observed  that  No.  2,  in  this  series,  represents  a 
consumption  considerably  below  tbe  xniniTnuTn  which  in  most 
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cases  experiment  has  shown  to  be  the  limit  of  the  proposed 
theorem,  namely :  3  cubic  feet,  while  No.  3,  which  represents 
exactly  this  limit,  brings  the  result  within  the  range  of  experi- 
mental error — it  being  impossible  to  make  two  series  of  15 
photometric  observations  which  will  accord  more  closely  than 
these. 

Gas  from  the  Ritchie  Mineral,  This  gas  was  made  from  the 
mineral  called  Orahamite  by  Prof.  Wurtz,  and  found  in  West- 
em  Virginia. 

The  gas  made  from  this  mineral  was  too  rich  to  bum  in  the 
Ai^and  burner  with  5  cubic  feet  per  hour. 

1st.  A  mixture  with  Argand  burner,  and  5  cubic  feet  con- 
sumption. 

80  per  cent,  street  gas  =  15.11  candles. 
20    "       «      Ritchie "    =  31.76        « 


100    «      "      Mixture       =  18.44        « 
-|-  18.44  =  31.14  candles. 

2d.  A  mixture  with  Argand  bumer,  and  five  cubic  feet  con- 
sumption. 

78  per  cent,  poor  gas  =  13.72  candles 
22    "      "     Ritchie      =  81.01      " 

100  Mixture    =  17.53      " 

8d.  ttitchie  gas  burnt  with  Scotch  tip,  and  5  cubic  feet  con- 
sumption, gave  30.01  candles. 

4th.  Ritchie  gas,  with  Argand  burner,  and  4.056  cubic  feet 
consumption,  gave  19.24  candles,  and  for  5  cubic  feet  con- 
sumption, by  squaring,  29.32  Candles,  and  by  old  rule,  23.71. 

No  doubt  the  consumption  here  was  too  much  for  the  Argaiid 
bumer,  as  the  illuminating  power  falls  off  somewhat  frx>m  the 
preceding  trials. 

5th.  Ritchie  gas  with  Argand  bumer,  and  8.876  cubic  feet 
consumption,  gave  18.66  candles ;  and  for  5  cubic  feet  con- 
sumption by  squaring  31.05  candles;  and  by  the  old  rule^ 
24.07  candles. 

6th.  Ritchie  gas  with  Argand  bumer,  and  3.828  cubic  feet 
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consomption,  gave  1879  candles;  and  for  5  cubic  feet  con- 
sumption by  squaring  32.05  candles ;  and  by  old  rule,  24.54 
candles. 

Mean  of  the  let  and  Sad  tests  by  mizmg         =  31^  candles. 
*<       "    «    4th,  6th  and  6th  tests  by  sqaaring  =  90^       "  difference  JBi. 

u       u    it    4th,  5th  and  6th  teste  by  old  role     =94.10       «  «<        7.90. 

These  results  show  plainly  that^the  n6w  theorem  brings  all 
the  tests  very  near  to  the  true  illuminating  power ;  oertunly 
much  nearer  than  the  old  rule. 

WoUongong  Gus.  TMs  gas  was  obtained  from  waHongtm- 
tfe,  a  new  carbohydrogen  described  by  me  in  the  number  of 
Silliman's  Journal  (for  July,  1869),  as  coming  from  Australia. 
Its  illuminating  power  was  determined  by  mixing  10  per  cent, 
of  the  gas  with  90  per  cent  of  street  gas.  But  this  mixture 
was  still  too  rich  to  bum  5  cubic  feet  in  the  Aigand  standard 
without  smoking,  and  even  when  burned  at  this  rate  in  a  fish- 
tail burner  the  flame  was  somewhat  smoky  and  inclined  to 
<'  tail  off."  I  have,  therefore,  little  doubt  that  its  true  candle 
power  is  more  nearly  142  candles,  than  to  132,  as  stated  in  the 
article  referred  to.  We  quote,  however,  the  observations  made, 
as  follows : 

1  flsh-tail  burner  consmning  6  cnbio  feet  gave  18i.M  candle  power. 

2  <*  **  "  \A        **  *'       12^       *'  ** 

Computing  the  second  observation  we  have : 

By  Farmer's  theorem  for  No.  2,  143.22  candle  power. 
"   direct  ratio  "        "       42.96      "  « 

This  is  an  extreme  case  in  which  the  volume  of  gas  con- 
sumed in  the  second  observation  is  far  too  low,  but  it  is  clear 
that  by  the  old  rule  the  result  coming  from  the  consumption  of 
so  small  a  volume  of  gas  is  perfectly  worthless,  while  by  Farm- 
er's theorem  the  difference  of  10,28  candles  is  within  7.7  per 
cent.,  and  if  the  true  intensity  of  this  remarkable  gas  is 
placed,  as  there  is  good  reason  to  believe  it  should  be,  at  142 
candles,  the  agreement  in  the  two  observations  is  absolute. 

Every  photometric  observer  can  confirm  the  results  here 
given  by  reference  to  his  own  records  of  former  observations, 
or  by  direct  experiment  designed  to  test  the  accuracy  of  the 
theorem  now  announced. 

In  Sugg's  Chs  Maniptdation  (London,  1867),  p.  64,  will 
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be  found  the  following  results  from  on  experiment  designed 
to  illustrate  the  unfitness  of  the  rule-of-three  for  calculating  the 
illaminating  power  of  gas,  when  using  any  other  consumption 
than  5  cubic  feet  per  hour. 


1. 

5. 

cubic  feet 

=  14.00  candles. 

Differences. 

2. 

4.9 

=  13.78       " 

—  0.22  of  a  candle 

3. 

4.8 

=  13.74      " 

—  0.26     "        " 

4. 

4.7 

=  13.30      " 

—  0.70    "        " 

6. 

4.6 

=  13.04      " 

—  0.96     "        " 

6. 

4.5 

=  11.98       " 

—  2.07     "        " 

The  foregoing  demonstrates  two  facts ;  first,  that  the  Bir- 
mingham burner,  even  when  burning  the  flill  quantity  of  5  cubic 
feet  per  hour,  does  not  show  the  true  quality  of  the  gas ;  and 
secondly,  the  inapplicability  of  the  rule-of-three  for  estimating 
the  light  given  in  proportion  to  the  quantity  consumed,  other- 
wise the  whole  of  the  results  would  have  been  14.00  candles." 

The  quality  of  this  gas,  as  exhibited  by  Dr.  Letheby's 
buiner,  with  5  cubic  feet  consumption,  and  120  grains  of 
sperm  per  hour,  was  15.50  candles. 

The  mean  candle  power  of  the  five  last  tests  is  13.158  ;  dif- 
fence,  0.84  parts  of  a  candle. 

The  mean  candle  power  of  the  above  tests,  before  they  were 
corrected  for  five  cubic  feet  consumption,  will  be  as  follows : 


theorem. 


1. 

6. 

cubic  feet 

= 

14.00    candles 

2. 

4.9 

~"~ 

13.504        " 

8. 

4.8 

"^ 

13.190        " 

4. 

4.7 

■^ 

12.502        " 

5. 

4.6 

z=z 

11.996        " 

6. 

4.5 

= 

10.738        " 

bove 

corrected  for  five  feet 

consumption  bj 

1. 

5. 

cubic  feet 



14.00    candles 

2./ 

4.9 

4( 

Z=L 

14.060        " 

8. 

4.8 

a 

= 

14.312        « 

4. 

4.7 

44 

=: 

14.148        " 

5. 

4.6 

44 

■^ 

14.191        « 

6. 

4. 

44 

— ~ 

18.255        « 

The  mean  candle  power  of  the  5  last- tests  is  18.99  ;  differ- 
ence 0.01  parts  of  a  candle. 
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The  following  will  show  the  fractional  power  required  to 
bring  the  five  last  tests  to  14.00  candle. 


2. 

4,9"»  :  13.504          : 

:        5"*  :  14.00  candles, 

8. 

4.8'":  13.190          : 

:         S^  :  14.00 

4. 

4.7'*:  12.502          : 

:         5'-*:  14.00         " 

5. 

4.6"« :  11.996          : 

:         6"» :  14.00         " 

6. 

4.5"»:  10.737          : 

:         S"" :  14.00         "  • 

The  above  shows  that  the  3rd  and  6th  tests  have  not  been 
good  ones,  or  why  should  they  differ  so  much  from  the  one 
preceding  them,  the  difference  in  consumption  being  only  one- 
tenth  of  a  foot? 

The  2d,  3d,  4th  and  5th  tests  fall  a  little  below  the  square 
or  2d  power,  and  the  6th  test  is  considerably  more. 

The 'fractional  powers  of  the  2nd,  4th  and  5th  are  nearly  the 
same. 

I  have  endeavored  to  apply  this  theorem  to  some  of  the  re- 
sults recorded  in  the  well  known  researches  of  Messrs.  Au- 
douin  and  Berard,*  but  I  find  these  results  stated  in  a  manner 
which  renders  it  difficult  to  fix  clearly  the  terms  of  compari- 
son. I  venture,  however,  to  append  a  few  comparisons  drawn 
from  two  of  the  tabular  records  of  experiments  with  butterfly 
or  bats  wing  burners  of  the  ^'  fifth  series  "  which,  so  far  as  they 
go,  lend  confirmation  to  the  views  here  presented. 


Consumption   of 
the  Burners  un- 
der trial. 

Consumption    of 
the  Bengel  Ar- 
gand   standard 
Burner  without 
cone,  8    inch 
chimney. 

Comparatlye 
intensities. 
The  Bengel 
burner    ^ 
100. 

Intensities  by 
Uw  of  the 
squares   of 
consump- 
tion. 

Pnasniw. 

Cubic  Itet. 

Cubic  feet. 

3.1079 
2.4015 
2.0131 

3.6024 
3.5318 
3.6024 

50 
40 
30 

103 
90.9 
96. 

.23622 
.19685 
.11811 

Burners  of  saTne  series — slit  ^  inch  wide. 


3.9565 

3.6780 

80 

92.6 

.078474 

8.1786 

8.6780 

60 

80.7 

.07480 

2.6487 

8.6780 

50 

96.7 

.07480 

2.3309 

3.6780 

40 

97.5 

.03937 

1.5186 

8.6730 

20 

115.6 

■  .01968 

•Ann.  de  Ch,  Et  PkyM,,  vol.  Ixr,  p.  4aS,  18n. 
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The  comparison  of  their  results  by  this  theorem,  which  gives 
reasonably  exact  results  for  consumptions  which  are  not  greater 
than  that  of  the  standard  Bengel  burner  employed  by  them, 
fails  when  the  consumption  becomes  greater  than  that  of  the. 
standard. 

A  comparison  of  the  foregoing  results  will  show  that  the  co- 
incidences with  the  requirements  of  the  theorem  of  Farmer  are, 
within  the  limits  assigned,  too  numerous,  and  too  closely 
accordant,  to  be  considered  as  otherwise  than  pointing  clearly 
to  its  general  truth.  A  rigorous  demonstration  cannot  be  ex- 
pected as  there  are  too  many  variable  fimctions  of  unknown 
value  involved  in  the  best  methods  at  present  known  for  pho- 
tometric measurements  to  permit  more  than  an  approximate 
proof  of  its  general  accuracy.  Every  photometric  observer 
must  recognize  its  importance  and  the  necessity  in  his  obser- 
vations of  bringing  the  consumptions  of  gas  and  sperm  to  the 
agreed  standard. 

To  the  consumer  of  gas  the  evident  inference  from  the  data 
here  presented  is  that  where  it  is  important  to  obtain  a  maxi- 
mum of  economical  effect  from  the  consumption  of  a  given 
volume  of  illuminating  gas,  this  result  is  best  obtained  by  the 
use  of  burners  of  ample  flow. 

Where  a  moderate  light  of  equal  diffhsion  is  required  over 
a  large  space,  as  in  public  rooms,  it  may  be  expedient  to  use 
numerous  small  jets ;  but  when  the  maximum  intensity  obtain- 
able from  a  given  volume  of  illuminating  gas  is  desired,  inten- 
sity burners  of  large  consumption  are  plainly  indicated. 


8.  On  the  Composition  of  the  Aoib  Oxalates  of  Potas- 
sium, Ammonium  and  Sodium.  By  William  Riplet 
Nichols,  of  Boston,  Mass. 

BnVOXAULTB  OF  POTASSnTM. 

The  composition  of  this  salt  was  formerly  held  to  be  ex- 
pressed by  the  formula*  KO,  CiO^  +  SHO  (^iKH^^-\-aq.) 

*  On  the  anfhority  of  Qra^ami  PbO.  Tr.  1887, 60. 
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and  this  formula  is  still  given  by  Gmelin,  Watts,  and  others, 
as  that  of  the  commonly  occurring  salt. 

Bammelsberg,  *  on  the  other  hand,  describes  the  salt  ob- 
tained by  neutralizing  a  certain  quantity  of  oxalic  acid  with 
carbonate  of  potassium,  and  adding  an  equal  amount  of  oxalic 
acid,  as  corresponding  to  the  formula  2{K0j  C40«)-|-3ag. 

Marignac,t  having  afterwards  partially  analyzed  this  salt, 
concluded  that  the  correct  formula  was  C^KHO^  {^^KM^^ 
and  that  the  crystals  contained  no  water  of  crystallization. 
He  differed  from  Bammelsberg  as  to  the  system  to  which  the 
crystals  should  be  referred,  and  the  latter  afterwards  %  acknowl- 
edges the  correctness  of  Marignac's  views  as  to  the  crystalline 
form  and,  without  repeating  the  analysis  of  the  salt,  seems 
satisfied  to  accept  the  formula  assigned  by  Marignac. 

I  have  prepared  this  salt  in  the  manner  indicated  by  Bam- 
melsberg, and  find  that  its  composition  agrees  with  the  formula 
originally  given  by  him. 


Calculated.                              Found. 

r.      n.    m.    iv.     v.     vi.   th.   vui.  Mean. 

2^*e 

188.44  35.58 85JX5  85.05 SSJO 

4€,e-. 

288.00  64.29  55.85  55.67  55.76 55.76 

Zaq. 

64.00  10.18 10.16  10.39  10J»  10JI4 

4(fJa^JH'-e-4)-hag.    530.44  100.00 

In  these  analyses  I  determined  the  potassium  as  carbonate 
by  igniting  a  portion  of  the  finely  powdered  crystals  in  a  cov- 
ered platinum  crucible,  raising  the  heat  very  gradually  in  order 
to  avoid  loss  by  projection,  to  which,  as  Marignac  hints,  this 
salt  is  particularly  liable.  The  oxalic  acid  was  determined  by 
titration  with  a  solution  of  permanganate  of  potassium  stan- 
dardized against  pure  oxalic  acid.  The  hydrogen  was  deter- 
mined by  igniting  the  salt  in  a  combustion  tube,  in  a  stream  of 
dry  air,  and  collecting  the  water  in  a  weighed  chloride  of  cal- 
cium tube. 

Rammelsberg's  Marignao's 

formula  demands,  own  figures  were,  formula  demands.        own  figures  were. 

^KO      35.63  36.41    35.22    85 J6            KO      38.78  86.35     (Mean  of  four.) 

2C4O6    54.29  65.31    54.32    64.00             C74  06    58.19  55.88 

8ag.       10.18        — .    HO        7.03  

100.00  1UO.00 

•  Pogg.  Ann.  XCm,  24  (1854). 

t  M^m.  de  la  Soc.  d.  Phys.  et  d'Hist.  Nat.  de  Geneve,  T.  XIV,  part  I.  (1855). 
X  Supplement  zu  dem  Handbuch  der  krystallographischen  Cbemie.     Ifeipsio, 
1857,  8.  81. 
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Had  Marignac  determined  the  hydrogen  in  his  salt,  he  would 
have  found  his  formula  to  be  inadmissible. 

In  regard  to  the  acid  oxalate  described  by  Graham  (loc. 
cit.),*  it  is  extremely  donbtftil  whether  there  be  such  a  salt. 
Bammelsbergt  doubts  its  existence,  and  1  have  myself  been 
unable  to  procure  it.  I  added  to  a  hot  solution  of  a  known 
quantity  of  ojcalic  acid,  half  the  carbonate  of  potassium  neces- 
sary to  neutralize  it.  Tte  crystals  which  formed  in  the  hot 
solution  (A),  those  deposited  from  the  solution  at  the  ordinary 
temperature  (B),  as  well  as  those  deposited  when  the  solution 
was  artificially  cooled  to  a  considerably  lower  temperature  (C), 
proved  to  be  the  quadroxalate  ■Gs-K'-H'^ij  ^2 -Ha  "^4?  +  2ag. 

Found. 
Calculated.  A.  B.  G. 

I.      n.      m.      I.       n.      i. 
JTft^       9452     18.64 18.41    18.63    

^-GftOi    9^*<>0     66.67  66JS8  66 J» 66.86  66.88 

8ir,e       «*«>J24TO ' 

t  (£J»  KS^^y  €«-»;» 04,  +«««.)    608.22  100.00 

In  these  estimations  the  potassium  was  determined  as  car- 
bonate, by  ignition,  and  the  oxalic  acid  by  titration,  as  in  the 
preceding  case. 

I  analyzed  several  samples  of  commercial  '^binoxalate  of 
potash,"  but  each  sample  proved  to  be  quadroxalate. 

BiNOXiJULTB  OF  AlOfONIUM. 

This  salt  was  prepared  by  neutralizing  a  certain  quantity  of 
oxalic  acid  with  ammonia-water,  and  then  adding  an  equal 
quantity  of  oxalic  acid.  Analysis  showed  the  composition  of 
the  salt  to  be  2  (€,  {Nff^)  H^^)  +  aq. 

Calculated.  Found. 

I.  n.        m.  lY.  Mean. 

(-yjT4),e-       ®       22-^       «!•«  21-W 

S€aOt         IM      ^-^      ^^      ^1-^7       61.46 

H.e-  18        7.76   *    

aq,                   18        7.76       — :-  7JS0  7J50 

2(fJ»(ifJJJjre^4)+a«.        "^    100.00 

Calc.  Found. 

%FQ       82.24  82.84         1 

C  06      S.2B      ^ Oraham  deduced  this  fonnula  from  the  amount  of 

S^lsro      IsUs      >  carbonate  of  potassium  left  on  ignition  (47.46  per 


100.00 


cent.). 

t  Pogg.  Ann.  XCm,  24  (supra  cit.). 
A.  A.  A.  S.  VOL.  XVm.  21 
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The  formiila  usually  given  in  text-books  on  chemistry 
(Gmelin,  Watts,  etc.),  is  C^{NH;)  HOs'^2  aq,  ^t{NR^ 
H^^-^-aq,^  that  is,  with  one  more  molecule  of  water  than  I 
find  to  be  the  case.  For  this  formula  the  calculated  percent- 
ages would  be 


(jv^A-e- 

OS 

20.80 

2€.e. 

144 

67.eo 

H^^ 

18 

7.20 

8«7. 

36 

14.40 

100.00  260 

Anderson  *  says  that  the  binoxalate  of  ammonium  may  be 
obtained  by  mixing  equivalent  quantities  of  chloride  of  ammo- 
nium and  oxalic  acid  (regarded  as  monobasic ;  C^  O3,  HO-^ 
2aq,  =  63),  and  gives  as  the  formula  2  d  Oj,  NH^  0,2 HO 
[2(€,(JV^^„fi^e,)+a(7.]. 

He  determined  the  oxalic  acid  alone,  and,  from  the  data  that 
he  gives,  it  would  appear  that,  instead  of  the  binoxalate,  he 
really  obtained  the  quadroxalate  mentioned  below. 


Percentage  of  fj,  ^, 

in  his  salt. 

in  tlie  acid  salt  above. 

in  the  hyperacid  salt  below. 

61.92 

62.08 

61.80. 

I  found  that  by  adding  a  hot  solution  of  53.5  grm.  (1  eq.) 
chloride  of  ammonium  (NH^  CI),  to  a  hot  solution  of  63  grm. 
a  eq.)  of  crystallized  oxalic  acid  (^2  -H2"^4  +  2  ag.),  there  were 
deposited  on  cooling  crystals  of  the  hyperacid  salt  of  the 
formula  €,  {NH,)  H^^,  €3  J3,  e„  +  2  og. 

Calculated.  Found. 

I.      n.     ra.    IV.    T.   VI.  Mean. 

{NH^)  a^    02    11.16  11.12  11.29 11  JO 

4fj4  0i        288   61.80 01.14  61.14  61.09 61JS 

SJ^ft-e-  64   11.69 ^ 

4ag.  72   16.45 15.81 15.81 


2(fJ,(JV^4)J9^-e4.€*^»e4,H-2a«.)466  100.00 

In  these  analyses  the  ammonium  was  determined  as  chloro- 
platinate  of  ammonium,  the  oxalic  acid  by  titration,  and  the 
water  of  crystallization  by  drying  at  100°  C,  until  the  weight 
remained  constant. 

Binoxalate  of  Sodium. 

Anderson  (loc.  cit.)  says  that,  by  dissolving  equivalent  pro- 
portions of  oxalic  acid  (equiv.  =  63)  and  chloride  of  sodium 
(equiv.  =  58.5),  in  hot  water,  crystals  of  this  salt  are  obtained 

«Qa.  Jour.  Ch.  Soo.  1. 881  (1849). 
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on  cooling  the  solution.    He  gives  the  formula  for  the  same 
iVa  O,  2  Ci  ©8  +  4  JTO  [2  (^ai^Ta^e,) +  3ag.] 

I  found  that  crystals  of  the  binoxalate  were  deposited  from 
such  a  mixture,  but  that  they  answered  to  the  commonly  re- 
ceived formula  C^IfaHOs-^^ aq.  [€, ^a H^^  +  aq.} 

CaloolAted.  Found. 

I.             n.           Mean. 
J^aa-e-  02  23^  

2€«Oi  1^  66.38  66.19  66.24  66.22 


209. 


54  20.77 


2(-eaJVaJI-9^4+ag.)  2flO         100.00 


9.  On  the  SoLUBiLrrT  in  Water  op  the  Oxalates  of  So- 
dium, Potassium  and  Ammonium,  at  the  ordinary  tem- 
perature of  the  Air.    By  William  Ripley  Nichols. 

In  determining  the  solubilities  of  the  salts  experimented 
upon,  the  method  employed  to  obtain  solutions,  saturated  at 
the  observed  temperatures,  was  as  follows: — Considerable 
quantities  of  the  salts  operated  upon,  several  times  as  much 
as  would  be  likely  to  dissolve  in  the  amount  of  water  used, 
were  put  into  glass-stoppered  bottles,  which  were  then  half 
filled  with  distilled  water,  and  placed  in  a  pan  of  water  so  as 
to  be  immersed  up  to  the  necks.  The  operation  was  carried  on 
in  a  room  where  the  variation  of  temperature  was  slight,  such 
variation  being  noted  by  means  of  a  thermometer  suspended 
in  the  pan  of  water. 

The  bottles  were  shaken  conscientiously  at  frequent  inter- 
vals for  two  or  three  days,  and,  finally,  portions  of  the  solu- 
tions were  filtered  through  dry  filters,  into  tared  fiasks,  and 
weighed.  As  a  rule  the  thermometer  had  indicated  a  constant 
temperature  for  several  hours  previous  to  the  filtration. 

The  amount  of  oxalic  acid  in  the  weighed  solution,  was  de- 
termined by  titration  with  permanganate  of  potassium,  stand- 
ardized against  pure  oxalic  acid  and  from  this  result  the 
amount  of  salt  dissolved  was  calculated. 

In  every  case  but  one,  the  salts  were  prepared  by  myself. 


d  I 
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and  in  every  case  the  character  and  purity  of  the  salt  in  ques- 
tion was  ascertained  by  titrating  a  weighed  portion  of  the  dij 
salt  with  the  standard  solution  of  permanganate  of  potassinm. 

OxALATB  ov  Sodium. 

This  salt  was  prepared  by  neutralizing  a  hot  solution  of 
oxalic  acid  with  pure  carbonate  of  sodium.  The  oxalic  acid 
used  in  preparing  this,  as  well  as  the  other  salts,  left  upon  igni- 
tion 0.03  per  cent.  ash. 


JVa»e 

Calculated. 
e2            46J7 

Found. 
I.               n. 

Mean. 

€J«e. 

78             63.78 

64.06             63.68 

58.84 

134  100.00 

SolvMUy. — Temperature  at  time  of  filtration,  .  .  13**  C. 

Temperature  had  yaried  during  solution  from  11"* 
to  13.5\ 
100  parts  of  the  solution  saturated  at  13^  contain : 
I.  n.  m.      Mean. 

3.063  3.066  3.047  3.059  parts  of  the  crystallixed  salt. 
Or,  100  parts  of  water  at  13^  dissolve  3.156  parts  of  the  ciys- 

tallized  salt. 
Or,  1  part  of  the  crystallized  salt  is  soluble  in  31.6  parts  of 

water  at  13°.      ' 

This  agrees  with  the  determination  of  Souchay  and  Lensen* 
who  say  that  one  part  of  the  salt  dissolves  in  31.1  parts  of 
water  at  15.5^ 

Pohlf  says  that  one  part  of  salt  dissolves  in  26.7  parts  of 
water  at  21.8^ 

BiNOZALATB    OF    SODIUM. 

This  salt  was  prepared  by  adding  58.5  grm.  (1  eq.)  of 
chloride  of  sodium  in  solution,  to  a  hot  solution  of  63  grm. 
( j-  eq.)  of  crystallized  oxalic  acid,  and  reciystallizing  the 
product  deposited  from  the  solution  when  cold. 

•  Ann.  Ch.  u.  Ph.  XCIX.  83  (1856). 
t  Wieu.  Acad.  Ber.  VI.  696  a861). 
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Caloulatod.  Found. 

I.            n.  Mean. 

^Oft-e-          «        «■»        —        —  — 

S-GttB-i        IM         ^M        K<»        "-W  ^-^ 

SJffa-e-  54  20.77  


^i^^NaS-^-^-aq.)  9e0        100.00 

SolubUUy. — Temperature  at  time  of  filtration,  .  .  10^. 

Temperatm'e  had  yaried  between  5®  and  10**. 
100  parts  of  the  solution  saturated  at  10^  contain : 

I.  n.         in.      Mean. 

1.40      1.39      1.55      1.45  parts  of  the  crystallized  salt. 
Or,  100  parts  of  water  at  10""  dissolve  1.4d  parts  of  the  crystal- 
lized salt. 

Or,  one  part  of  the  crystallized  salt  dissolves  in  67.57  parts  of 
water  at  10^. 

Souchay  and  Lensen  (loc.  cit.)  say  that  one  part  of  the  salt 
dissolves  in  60.3  parts  of  water  at  15*5''. 

OxALATB  o^  Potassium. 

This  salt  was  prepared  by  neutralizing  a  commercial  sample 
of  quadroxalate  of  potassium  with  carbonate  of  potassium  and 
recrystallizing  twice. 


-ff*e 

Calcnlated. 
04^        61.14 

I. 

Found. 

m. 

Mean. 

€.e. 

72.00 

89.08 

88.90 

80.68 

88.58 

89.06 

18.00 
164.22 

0.78 
100.00 

SolubUUy, — Temperature  at  time  of  filtration,  .  .  16^. 

Temperature  had  varied  between  12°  and  16°. 
(The  temperature  had  remained  at  16°  for  several  hours.) 
100  parts  of  the  solution  saturated  at  16°  contain : 

I.  n.       Mean. 

24.73    24.89     24.81  parts  of  the  crystallized  salt. 

Or,  100  parts  of  water  at  16°  dissolve  32.99  parts  of  the  crys- 
tallized salt. 

Or,  one  part  of  the  crystallized  salt  is  soluble  in  3.03  parts  of 
water  at  16°. 
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BiNOXALATB    OF    POTASSIUM. 

This  salt  was  prepared  as  stated  in  the  preceding  paper. 
Solubility. — Temperature  for  three  hours  preceding  filtration,  8* 

Temperature  had  varied  between  8**  and  ICS**. 
100  parts  of  the  solution  saturated  at  8^  contain : 

I.  n.  m.       Mean. 

3.680    8.681     3.668     3.676  parts  of  the  crystallized  salt. 

Or,  100  parts  of  water  at  8°  dissolve  3.816  parts  of  the  crys- 
tallized salt. 

Or,  one  part  of  the  crystallized  salt  is  soluble  in  26.21  parts  of 
water  at  8°. 

QUADBOXALATB    OF    POTASSIUM. 

■e,  KH^^,  fJ,  ^,  e,  +  2  aq. 

This  salt  was  prepared  by  recrystallizing  a  sample  of  com- 
mercial "binoxalate  of  potash". 

Calculated.  Found. 

I.  n.      m.  IV.  Mean. 

jr^O          W^       18.54     18.45  18.45 

4-e«B't    288.00      56.67    55.80  66.63    65.77     55.75 


SiT.e        WOO  J 

^aq.  72.00  5  ^•'*' 


2(£j4jrjgre4,fj,jj;e4,+2a5.)    508.S2   100.00 

SolvbUUy. — Temperature  at  time  of  filtration,   .  .  13®. 

Temperature  had  varied  between  12®  and  14.6®. 
100  parts  of  the  solution  saturated  at  13®  contain : 

I.  n.       Mean. 

1.774     1.784     1.779  parts  of  the  crystallized  salt. 
Or,  one  part  of  the  salt  is  soluble  in  55.25  parts  of  water  at  13®. 
Or,  100  parts  of  water  at  13®  dissolve  1.81  parts  of  the  crys- 
tallized salt. 

Pohl  (loc.  cit.)  says  that  100  parts  of  water  at  20.6®  dissolve 
4.p57  parts  of  the  salt  dried  at  100®  (5.775  parts  of  the  crys- 
tallized salt),  which  would  go  to  show  that  the  solubility  must 
increase  rapidly  with  the  temperature. 


CHEMISTRY.  167 

Oxalate   of  Ammonium. 

This  salt  was  prepared  by  neutraliziiig  a  hot  solution  of 

oxalic  acid  with  ammonia-water. 

Calculated.  Found. 

I.          II.  m.  Mean. 

(iVjy*)*^  52        86.62        

-Cft^a                     73        60.70       60.72       60.92  51.48        61.04 

aq.  18        12.68        

•€a(2Vi5r4)fteI+o^  ^      100.00 

Solubility, — Temperature  at  time  of  filtration,  .  .  15**. 

Temperature  had  varied  between  13.5°  and  15°. 

100  parts  of  the  solution  saturated  at  15°  contain : 

I.  n.        Mean. 

4.028    4.076     4.052  parts  of  the  crystallized  salt. 

Or,  100  parts  of  water  at  15°  dissolve  4.22  parts  of  the  crys- 
tallized salt. 
Or,  1  part  of  the  crystallized  salt  dissolves  in  23.69  parts  of 
water  at  15°. 

I  verified  the  statement  of  Heintz*  that  this  salt  is  less 
soluble  in  a  solution  of  chloride  of  ammonium  than  in  pure 
water.  I  added  chloride  of  ammonium  to  a  concentrated  solu- 
tion of  the  salt,  and  there  were  deposited  small  crystals  which 
gave  by  titration  50.93  per  cent.  €j  O3,  showing  that  they  were 
actuaUy  the  normal  oxalate. 

BlNOXALATB     OF    AMMONIUM. 

2[€,(ira,)^ej  +  a(7. 

This  salt  was  prepared  as  stated  in  the  previous  paper. 

SolvbUUy, — Temperature  at  time  of  filtration,  .  .  11.5°. 

Variation  of  temperature — slight. 

100  parts  of  the  solution  saturated  at  11.5°  contain: 

I.         n.       m.      Mean. 
5.89     5.91     5.88    5.896  parts  of  the  crystallized  salt. 

Or,  100  parts  of  water  at  11.5°  dissolve  6.26  parts  of  the  crys- 
tallized salt. 

Or,  1  part  of  the  crystallized  salt  is  soluble  in  15.97  parts  of 
water  at  11.5°. 

«  Zeitsch.  f.  d.  ges.  Natnrw.  XX.  29. 
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In  Order  to  ascertain  whether  this  salt  dissolved  unchanged, 
a  portion  of  that  remaining  undissolved,  was  titrated  with  the 
standard  permanganate,  and  the  percentage  of  oxalic  acid 
found  agreed  with  that  of  the  original  salt. 

QUADBOZALATB    OF    AMMOKIUX. 

€,  (iVirO  ^^4,  ^>  J3i  e,  +  2  aq. 

This  salt  was  prepared  by  adding  to  half  an  equivalent  of 
oxalic  acid  (€,^2^4  +  2a^.)  an  equivalent  of  chloride  of  am- 
monium (^^4  CO 9  as  described  in  the  preceding  paper. 
Solvbility, — Temperature  at  time  of  filtration,  7.75°. 

Temperature  had  varied  but  slightly. 
100  parts  of  the  solution  saturated  at  7.75°  contain : 

I.  n.  m.      Mean. 

2.45      2.46      2.46      2.46  parts  of  the  crystallized  salt. 
Or,  100  parts  of  water  at  7.75°  dissolve  2.52  parts  of  the  ciys- 

tallized  salt. 
Or,  one  part  of  the  crystallized  salt  is  soluble  in  39.68  parts  of 

water  at  7.75°. 

OXALIO    AOID. 

A  portion  of  pure  crystallized  oxalic  acid  was  taken,  and  its 
solubility  determined  to  be  as  follows : 
Solubility.  — Temperature  at  time  of  filtration,  14.5°. 

Variation  of  temperature — slight. 
100  parts  of  the  solution  saturated  at  14.5°  contain : 

I.  n.  m.       Mean. 

8.668     8.777    8.754    8.733  parts  of  the  crystallized  salt. 

Or,  100  parts  of  water  at  14.5°  dissolve  9.56  parts  of  the  crys- 
tallized salt. 

Or,  one  part  of  the  crystallized  salt  is  soluble  in  10.46  parts  of 
water  at  14.5°. 
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B.    NATURAL   HISTORY. 


GBOLOGY    AND    PAL-ffiONTOLOGY. 

1.  On  the  Cretaceous   Age  of  Silver-deposits   in  Cm- 
HUAHTTA,  Mexico,  by  James  P.  Ejlmball,  of  New  York. 

*  A  tour  made  last  automn  and  winter,  from  the  Texas  coast 
to  the  Grand  Sierras,  or  Cordilleras  of  Mexico,  near  the 
thirtieth  parallel,  afforded  a  few  geological  observations  of 
such  importance  that  I  venture  to  lay  them  before  the  Associa- 
tion. It  will  not  be  necessary  on  this  occasion  to  enter  into 
minute  description.  But  the  few  points  I  have  now  to  offer 
will,  I  trust,  serve  partly  to  bridge  the  gap  in  the  knowledge 
of  the  country  between  the  Rio  Grande  on  the  east,  and  the 
Cordilleras ;  and  to  rectify  a  number  of  errors  which  mainly 
make  up  the  meagre  geological  part  of  what  otherwise  is  an 
interesting  brief  account  of  Chihuahua — that  of  *Dr.  Wisle- 
zenus  of  Col.  Doniphan's  Expedition  in  1846-7,  whose  report, 
together  with  that  of  the  Mexican  Boundary  Survey,  contain 
the  only  references  of  any  consequence  to  the  geology  of  Chi- 
huahua, to  be  found  in  any  language — so  seldom  has  any 
other  part  of  the  state  than  the  High  Sierras  been  visited  by 
scientific  travellers,  while  even  that  part,  comparatively  acces- 
sible from  the  Pacific  Coast,  is,  along  with  the  rest  of  the 
state,  less  known  than  any  other  portion  of  Mexico. 

The  Cretaceous  formation  which  overspreads  Central  Texas, 
where  it  has  been  carefUlly  studied  by  Professor  Roemer  and 
Dr.  B.  F.  Shumard,  is  traced  westward  under  pretty  uniform 
conditions,  beyond  the  Pecos,  forming  the  table-:land  of  the 
intervening  belt,  until,  in  the  Limpia  Mountains,  its  familiar 
features  disappear  and  a  new  order  of  things  supervenes.  Up 
to  this  line  the  geology  of  Texas  has  been  fixed.  Within  the 
great  bend  of  the  Rio  Grande,  the  water-shed  between  the 
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Pecos  and  that  river,  presents  geological  features  which  have 
been  described  by  travellers  whose  studies  have  not  extended 
far  into  Chihuahua.  While  these  features  are  anomalous  in 
Texas,  they  prevail  in  Chihuahua,  and  are  to  be  regarded,  as  I 
propose  to  show,  as  an  extension  of  the  same  conditions  which 
characterize  the  whole  of  the  eastern  slope  of  the  Cordilleras 
in  the  north-eastern  part  of  Mexico. 

Topographically  considered,  the  whole  surface  of  Texas  is  a 
part  of  the  slope  of  the  Mexican  Cordilleras.  From  the  Gulf 
of  Mexico  to  the  Limpia  Mountains,  which  are  only  a 
part  of  a  long  dividing  range  between  the  Pecos  and  the  Rio 
Grande,  extending  from  New  Mexico,  there  is  a  constant 
acclivity  toward  tJie  west,  which,  gradual,  until  the  Alluvial, 
Diluvial,  and  Tertiary  coast  margin  is  passed,  becomes  very 
marked  as  soon  as  the  Cretaceous  rocky  strata  set  in.  From 
San  Antonio,  five  hundred  and  seventy-nine  feet  above  the  sea, 
which  is  near  the  line  between  the  Tertiary  and  Cretaceous 
formations,  the  Cretaceous  surface  rises  to  three  thousand  and 
ninety-eight  feet,  at  Leon  Springs  (some  two  hundred  and 
eighty  miles  farther  west),  and  to  near  four  thousand  feet  be- 
fore the  fossiliferous  Cretaceous  strata  are  covered  by  the 
rocks  which  form  the  Limpia  Mountains.  These  mountains 
present  a  thickness  from  eight  hundred  to  one  thousand  feet  of 
a  rock  of  peculiar  character,  which  has  been  described  in  the 
Report  of  the  Mexican  Boundary  Survey,  as  a  porphyry,  and 
as  ftimishing  a  '^  coarse  granitic  aggregate  of  which  adularia 
forms  a  large  part,"  both  of  which  varieties,  together  with 
compact  quartz,  are  referred  to  an  igneotta  source :  whence  the 
inference  is  drawn  that  the  Limpia  Mountains,  as  well  as  what 
is  mentioned  as  a  continuation  of  the  same  range — the  Sierra 
Rica,  in  Mexico — are  an  axis  of  elevation.  From  all  these 
points  I  have  to  dissent. 

First,  as  to  the  lithological  character  of  the  Limpia  Moun- 
tains. Although  clearly  porphyritic  in  its  structure,  and  con- 
taining (yet  rarely)  small  segregations  rather  than  crystals  of 
orthoclase,  it  presents,  to  the  eye  at  least,  the  novel  condition  of 
a  non-feldspathic  matrix,  and  therefore,  in  the  restricted  sense 
of  the  term,  can  hardly  be  called  a  porphyry.  The  matrix  is 
a  ferruginous  compact  quartz,  through  which  are  diffhsed,  be- 
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sides  orthocIaslCy  miimte  quartz,  crystallizations.  Hence  tins 
rock  is  ratl^er  to  be  characterized  as  a  porphjrritic  qnaitrate. 
Tiiese  characters  are  nncommonly  pronounced  where  the  rotk 
first  sets  in,  namely,  at  Hackberry  Ponds. 

This  is  an  extension  of  the  same  formation  which  over- 
spreads a  large  part  of  Chihuahua — a  fact  ascertained  by  con- 
tinuity and  relative  stratigraphical  position,  rather  than  by 
lithological  uniformity.  The  rock  is  disposed  in  strata  which 
are  gently  undulating.  Its  ferruginous  character  causes  it  to 
weather  excessively — especially  where  its  consistency  is  not 
very  dense.  In  the  eroded  valley  of  the  Limpia,  bold  cliffo  of 
it  are  seen  weathered  into  massive  picturesque  columns  of  a 
dark  ochreous  color.  The  ferruginous  coloring  matter  is  pres- 
sent  in  the  interior  as  red  oxyd.  At  Fort  Davis  a  quarry  in 
this  rock  fhmishes  a  building-stone,  called  by  the  Mexicans 
carUera,  Here  its  porphyritic  characters  have  entirely  disi^ 
peared,  its  quality  being  a  loose  alumino-silicious  a^regate. 
It  may  be  cut  with  a  saw,  and  much  resembles  the  building- 
stone  or  carUera  in  use  in  the  city  of  Chihuahua,  and  quanied 
in  metamorphic  strata  at  the  same  horizon  as  this.  The  same 
rapid  transitions  in  consistency,  yet  a  constant  uniformity  of 
its  peculiar  type,  are  witnessed  throughout  the  wide  dexekop- 
ment  of  this  rock  which  I  will  afterwards  designate  as  ccmtera 
(a  Spanish  word,  simply  meaning,  however,  building-stone). 
Its  metamorphic  character  is  indicated  by  phenomena  already 
mentioned ;  while  the  formation  of  the  Limpia  Mountains,  by 
the  mere  accumulation  of  nearly  level  strata,  is  so  distinct  as 
to  give  no  appearance  of  an  axis  of  elevation.  The  rdation 
of  the  metamorphic  cantera  to  the  underlying  Cretaceous  lime- 
stone, is  revealed  by  a  quany  below  the  level  of  the  plain, 
which  supplies  the  lime-kiln  of  the  post. 

From  the  head  of  the  Limpia,  near  Fort  Davis,  to  Presidio 
del  Norte,  on  the  Rio  Grande,  there  is  a  gradual  descent  of 
over  twelve  hundred  feet.  The  cantera j  which  in  high  binfb 
skirts  the  valley-plains  for  some  distance,  comes  down  to  the 
level  of  the  road  some  sixty  miles  this  side  of  the  Bio  Grande, 
and  is  succeeded  by  fossiliferous  limestone,  some  thirty  miles 
farther.  The  river  terraces,  five  or  six  in  number,  begin  ten 
to  twelve  miles  fh)m  the  river.    Passing  a  corresponding  set  of 
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terraces  on  the  west  side,  the  surface  begins  immediately  to 
ascend  in  impure  limestones  and  calcareous  shales,  dipping  15^ 
to  the  north-west.  The  limestone,  of  a  sandy  character,  con- 
tains nnmerous  fossils,  some  in  great  abundance,  among  which 
are  fbrms  of  Cretaceous  fauna  known  in  Texas,  viz. :  Exogyra 
plicata,  Scaiaria  Texanaj  Natica  Texana,  Lima  WacoensiSj  to- 
gether with  species  of  Ammonites  Ostreaj  and  InoceramuSj 
and  fish  teeth.  The  Sierra  de  las  Cuestas,  which  form  the 
blufl^  of  the  Bio  Grande  valley  proper,  and  the  continuation  of 
these  mountains  to  the  south — the  Sierra  Rica — are  made  up 
of  this  Cretaceous  series.  The  latter  mountains  are  the  centre 
of  a  slight  dislocation  which  imparts  to  the  series  north-west 
dips  from  15^  to  20^,  as  seen  in  the  mountains  themselves, 
where  the^  succession  is,  (1)  lower  shales  and  fissile  slates ; 
(2)  blue  limestone  with  inoceramus;  (3)  upper  fissile  calcare- 
ous shales ;  (4)  arenaceous  cavernous  limestone  with  inoceror 
mua;  (5)  a  coarse  metamorphic  rock  made  up  of  crystalline 
quartz  and  orthoclase.  The  Sierra  Bica  lode,  bearing  sulphu- 
rets  of  silver  and  of  the  base  metals  is  encased  in  this  fossil- 
iferous  series,  its  highest'  outcrop  being  on  the  crest  of  a  prong 
from  which  the  quartzose  rock  of  the  neighboring  summits  has 
been  stripped  by  denudation. 

The  Conchos  Biver  valley  seems  to  occupy  an  anticlinal  axis 
of  an  elevation  of  the  Cretaceous  limestone  series,  the  western 
part  of  which  has  been  obliterated  by  river  erosion,  and  OQly 
its  eastern  part  preserved  in  the  form  of  a  gentle  monoclinal, 
with  a  dip  to  the  south-east.  Such,  at  least,  appears  to  be  the 
structure  of  the  CuchUlo  Parado,  the  Chupaderos  and  Chor- 
reras  Mountains,  as  seen  from  the  Chihuahua  road,  which  keeps 
along  their  base,  across  the  Jornada  or  great  barren  plain  of 
Bosales.  At  its  western  end,  where  the  bordering  mountains 
draw  together  at  the  gap  of  the  Gallina,  between  the  moun- 
tains of  that  name  on  the  east,  and  the  Chupaderos  on  the 
west,  a  sudden  increase  of  the  south-east  dip  of  the  limestone, 
lets  in  the  summit  cantera  with  a  sufficient  thickness  to  form 
the  mountains  to  the  south  and  east  of  the  Jornada;  while 
westward  the  Chorreras  range  continues  to  raise  the  limestone 
in  heights,  from  three  hundred  to  five  hundred  feet,  until  oblit- 
erated at  the  bend  of  the  Conchos,  which  cuts  across  it,  and 
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whose  valley  here  spreads  out  some  twenly-fiye  miles,  under 
the  erosive  influence  of  the  close  confluence  with  it  of  the  Sac- 
ramento and  Resales  branches.  In  this«interval  the  limestone 
passes  below  the  surface,  and  the  metamorphic  carUera  sets  in 
to  form  the  elevations  which,  in  north  and  south  ranges  Tirom 
five  to  ten  miles  broad,  separated  by  wide  and  longitudinally 
remarkably  continuous  valleys  or  vaUey  plains,  succeed  eadi 
other  all  the  way  to  the  culminating  line  of  the  CordiUeras, 
and  thus  characterize  their  eastern  flank  in  this  latitude.  An 
acclivity  of  the  whole  surface,  toward  the  west,  is  very  marked 
— all  the  way  indeed  from  the  Rio  Grande,  the  road  rising 
from  two  thousand  seven  hundred  and  seventy-nine  feet  above 
the  sea  at  Presidio  del  Norte,  to  four  thousand  six  hundred  and 
forty  at  the  city  of  Chihuahua,  and  six  thousand  two  hundred 
and  seventy-five  feet  at  Cusihuiriachic,  the  culminating  point 
(Cumbres  de  Jesus  Maria)  being  only  four  hundred  and  fifty- 
seven  feet  higher  than  the  Peak  of  Cusihuiriachic,  or  eight 
thousand  three  hundred  and  seventy-five  feet  above  the  sea. 

This  longitudinal  succession  of  narrow  ranges  and  wide 
champaign  valleys,  gives  rise  to  a  peculiar  topography  whose 
phenomena  are  mainly  those  of  diluvial  and  sdluvial  erosion. 
The  north-east  dip  of  the  canteray  though  liable  to  local  variar 
tions,  is,  on  the  whole,  scarcely  greater  than  the  incline  of  the 
general  surface.  It  is  always  seen  under  rapid  disintegration, 
especially  its  more  ferruginous  portions.  Its  fine  detritus  over- 
spreads all  the  valley-plains  in  such  thick  and  ever  growing 
accumulations,  as  often  to  fill  up  former  water-courses.  Those 
which  do  not  contain  running  streams,  all  have  a  basin  configu- 
ration: that  is,  a  depressed  portion  toward  the  middle;  while 
toward  their  borders  the  foot  hills  of  the  intervening  moun- 
tains are  seen  in  all  stages  of  degradation.  Thus  the  valleys 
are  widening  at  the  expense  of  the  mountains ;  and  their  plain- 
like character  is  increasing  under  the  determination  of  the 
finer  detritus  toward  their  former  channels,  now  often  dry 
except  during  the  brief  rainy  season.  These  observations  are 
true  equally  throughout  the  development  of  the  metamorphic 
cantera  in  western  Texas  as  throughout  Chihuahua,  north  of 
the  twenty-eighth  parallel  which  I  did  not  pass  to  the  south. 
These  phenomena,  replete  with  interest,  I  can  take  occasion 
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now  only  thus  briefly  to  note.  One  other  observation  in  a 
general  way,  however,  I  may  add.  It  is  that  these  and  closely 
related  phenomena,  point  to  the  elevation  of  the  whole  eastern 
Cretaceons  slope  of  the  Cordilleras,  comprising  Chihuahna 
and  the  greater  part  of  Texas,  since  the  outlines  of  the  pres- 
ent topography  were  determined  by  water-courses,  now  either 
entirely  obliterated,  or  else  taking  an  inconsiderable  part  in 
the  river  system  of  this  extensive  area. 

It  will  be  understood  that  what  I  have  distinguished  as 
ccmtera  forms,  with  the  exception  of  what  I  have  called  the 
limestone  range,  along  the  western  base  of  which  flows  the 
Conchos,  as  much  of  the  surface  of  Chihuahua  as  comes 
under  observation  in  traversing  the  state  by  way  of  Presidio 
del  Norte  and  the  city  of  Chihuahua,  as  far  west  as  Cusihuiria- 
chic — a  point  pretty  well  up  toward  the  summit  of  the  Cor- 
dilleras,— and  as  far  north  as  El  Paso  by  the  road  from  the 
city  of  Chihuahua.  This  cantera  overlies  the  Cretaceous  fos- 
siliferous  limestone,  and  is,  I  regard,  a  metamorphic  upper 
member  of  that  formation. 

I  now  come  to  the  point  the  importance  of  which  alone  could 
warrant  me  in  troubling  you  with  local  descriptions,  namely : 
(1)  that  the  seat  of  the  principal  known  silver  deposits  of 
eastern  and  middle  Chihuahua,  is  the  Cretaceous  fossiliferous 
limestone ;  and  (2)  that  the  seat  of  other  great  deposits  is  the 
overlying  cantera;  also,  I  am  disposed  to  think,  of  Cretaceous 
age,  a  metamorphosed  superior  zone  of  that  formation. 

The  Santa  Eulalia  range  of  mountains,  one  of  the  charac- 
teristic ranges  abeady  described,  lies  about  half  way  between 
the  Conchos  and  the  city  of  Chihuahua.  These  mountains  are 
mainly  composed  of  quartziferous  cantera,  somewhat  porphyr- 
itic ;  but  in  the  heart  of  them  rises  a  boss  of  the  underlying 
limestone  in  which  are  found  the  old  Spanish  silver  mines  of 
Santa  Eulalia.  Coextensive  with  this  elevation  of  the  lime- 
stone, and  confined  to  it,  is  the  mining  ground  comprising  an 
area  of  not  more  than  five  square  miles.  From  1705  to  1791, 
during  a  period  of  86  years  these  mines,  according  to  ofiQcial 
records,  yielded  $100,000,000  on  which  the  quinto  or  King's 
fifth  was  paid  to  the  royal  exchequer.  To  this  product  from  a 
fifth  to  a  third  more  is  to  be  added  for  yield  clandestinely  obr 
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tained.  The  boss  rises  some  eight  hundred  feet  above  the  bor- 
dering plains  and  some  five  hundred  feet  above  its  immediate 
base.  It  is  scored  by  water-courses,  giving  rise  to  deep  car 
nons,  in  the  bottoms  of  which  and  along  whose  blufb  the  mines 
have  been  opened  wherever  access  by  bridle  paths  could  be 
got,  while  the  tops  of  the  limestone  hills  have  likewise  afforded 
entrance.  The  silver  deposits  are  of  a  very  irregular  descrip- 
tion. The  bulk  of  them  is  an  invisible  chlorid  of  silver  mi- 
nutely difihsed  through  a  decomposed  and  ferruginous  matrix, 
sometimes  associated  with  a  low  grade  of  argentiferous  galena, 
and  sometimes  with  salts  of  lead,  and  varying  in  richness 
from  twenty-five  dollars  to  one  hundred  and  twenty-five  dollars 
per  ton.  Occasionally  rich  pockets  are  found  in  which  occur 
visible  sulphurets  of  silver,  and  crystals  of  horn-silver.  Thia 
argentiferous  material  is  found  with  quartz,  gypsum  and  calc- 
spar,  disposed  between  planes  of  stratification,  or  oblique  joints 
in  the  beds ;  or  in  irregular  decomposed  courses  in  massive 
beds :  sometimes  thoroughly  disseminated  through  a  portion  of 
a  bed  or  a  number  of  beds,  and  occasionally  in  drusy  cavites. 
No  particular  choice  seems  to  be  given  to  any  bed  or  any  set 
of  beds,  but  all  alike  have  been,  and  are  still,  worked  with 
much  the  same  results.  The  whole  series  of  beds  is  exceed- 
ingly cavernous.  Natural  caves,  into  which  workings  lead, 
were  shown  me  capable  of  holding,  it  is  said,  the  great  cathe- 
dral of  Chihuahua.  This  remarkable  and  unique  character  of 
the  deposits  has  led  both  to  vertical  and  horizontal  workings. 
The  same  beds  which  are  entered  by  caverns  in  the  elevated 
portion,  are  reached  by  shafts  in  the  bordering  canons,  as  the 
dips  bear  them  from  above  water  level.  All  the  beds  are  more 
or  less  fossiliferous.  InoceramuSj  RadiolUeSy  Fectenj  and  a 
well  preserved  coral,  together  with  other  Cretaceous  forms, 
being  found  outside  any  of  the  mines,  but  generally  on  weath- 
ered surfaces  from  which  it  is  difiScult  to  remove  them. 

Besides  the  silver  deposits  in  the  Cretaceous  limestone  of 
Sierra  Rica  and  Santa  £ulalia,  the  intermediate  limestone 
range  at  many  points  sustains  a  similar  metalliferous  charac- 
ter— argentiferous  galena  being  well  known  in  Mexico  to 
occur  in  the  Cuchillo  Parade,  in  the  Chupaderos  and  the  Chor- 
reras;  while,  in  Texas,  I  saw  in  the  possession  of  Majat 
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General  Merritt,  stibnite  and  galena  from  the  Chanate  Moun- 
tains— probably  from  the  same  fossiliferous  Cretaceons 
horizon — inasmuch  as  I  have  a  Fecten  of  that  period  from  the 
same  locality. 

Another  slight  Isolated  elevation  of  the  limestone,  on  a  pro- 
longation of  the  axis  of  the  forementioned  range,  occurs  low  to- 
ward the  15ase  of  the  Sierra  de  Magistral  between  the  city  of 
Chihuahua  and  Cusihuiriachic.  This  locality  is  also  well 
known  as  an  old  mining  ground.  The  excellent  silver  mines 
of  Corralitas,  according  to  the  Mexican  Boundary  Survey,  are 
likewise  in  blue  limestone,  and  though  its  age  has  not  been 
determined,  I  may  venture  to  predict  it  will  likewise  prove  to 
be  Cretaceous.  (Rep.  Mex.  Bound.  Surv.  n,  p.  1,  Vol.  I,  12.) 

Throughout  its  development,  the  cantera  of  the  mountains, 
or  the  metamorphic  Cretaceous,  as  I  believe  it  to  be,  also  sus- 
tains a  highly  metalliferous  character.  With  the  exception  of 
the  limestone  range  (including  the  localities  already  men- 
tioned) it  is  the  seat  of  all  the  silver  deposits  within  the  sec- 
tion of  country  visited  by  me  as  far  west  as  Cusihuiriachic, 
and  undoubtedly  considerably  farther,  as  evidences  taken  at 
second  hand  tend  to  show.  Gold  as  well  as  silver  occurs  in 
this  formation. 

The  extensive  old  Spanish  silver  mines  of  Cieneguilla  richly 
affording  horn-silver  in  brecciated  fissures  traversing  the  can- 
tera are  located  some  sixty-five  miles  south-west  of  the  city  of 
Chihuahua.  Some  fifteen  miles  still  farther  south-west  are  the 
remarkable  mines  of  Cusihuiriachic.  The  mining  village  of 
that  name  has  an  altitude  of  six  thousand  two  hundred  and 
seventy-five  feet.  Above  it  rises  the  bufa  of  the  same  name 
one  thousand  six  hundred  and  forty-three  feet.  The  fianks  of 
this  mountain,  whose  outlines  have  been  determined  by  ero- 
sion, are  traversed  by  noble  fissures  filled  out  with  a  complex 
vein-stuff  of  great  richness  in  silver.  A  number  of  specimens, 
selected,  but  averaged  according  to  grade,  collected  and  as- 
sayed by  myself,  yielded  from  one  hundred  and  forty  dollars 
to  thirteen  hundred  and  fifty  dollars  per  ton.  These  mines, 
under  a  practice  both  rude  and  desultory,  have  produced, 
in  the  course  of  two  centuries,  some  $100,000,000.  The 
quartziferous   character  of  the  cantera  here    predominates. 
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Here,  as  elsewhere,  the  more  exposed  portions  exhibit  the 
most  strongly  marked  metamorphic  aspect,  as  if  its  metamor- 
phism  had  been  effected  by  molecular  and  chemical  changes  of 
an  alomino-silicious  or  felspathic,  and  perhaps  somewhat  cal- 
careous and  magnesian,  aggregate,  under  the  influence  of  the 
atmosphere  and  percolating  waters.  As  tending  to  snch  a 
yiew,  it  will  be  necessary  only  to  instance,  besides*  its  strati- 
graphical  conditions  and  attitude,  the  apparent  elimination  of 
its  more  soluble  ingredients  as  indicated  both  by  the  yeaiciilar 
character  of  weathered  surfaces,  and  by  the  remarkable  fact 
that  in  all  low  places  wherever  the  cantera  is  extensively  de- 
veloped, a  rubble  is  found  cemented  by  a  carbonated  base. 
This  cementing  material  seems  to  have  been  derived  from 
mineral  percolations  springing  from  the  surperincumbent  roc^s. 
Such  a  concrete  is  found  also  under  the  detritus  which,  sup- 
plied by  the  cantera  of  the  mountains,  covers  the  valley-plains. 
Another  observation  bearing  on  this  point,  is  the  frequent  oc- 
currence of  the  soft  earthy  aggregate,  or  the  typical  cantera 
(building-stone)  as  a  portion  of  the  formation,  particularly  at 
the  base  of  mountains,  below  or  near  natural  drainage.  More- 
over, the  canteraj  both  hard  and  soft,  indicates  in  part  a  detrital 
origin  by  its  inclosure  of  breccia  and  pebbles,  thus  bearing 
out  the  general  impression  it  gives  of  altered  felspathic 
sediments. 

Professor  Gabb  has  recently  called  attention  to  the  occur- 
rence of  Texan  Cretaceous  fauna  in  Sonora,  where  they  were 
found  by  the  late  Mr.  R^mond,  as  going  to  show  a  "  wat» 
communication  between  the  great  Cretaceous  sea  that  covered 
so  much  of  what  is  now  the  central  portions  of  our  continent, 
on  the  one  side,  and  the  Pacific  on  the  other.  The  recogni- 
tion of  the  Cretaceous  near  Arivechi  in  Sonora,  according  to 
Mr.  Gabb,  was  only  the  second  locality  reported  of  its  occur- 
rence in  the  whole  area  of  Mexico,  the  other  being  in  the  State 
of  Puebla. 

Although  the  metamorphic  Cretaceous  is,  through  the  labors 
of  the  California  Survey,  well  known  in  numerous  localities  in 
the  coast  ranges,  as  a  seat  of  gold  deposits  and  the  Jurassic, 
east  of  the  Cordilleras  within  the  territory  of  the  United  States, 
of  silver  deposits,  the  instances  which  I  have  just  given,  of 
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the  uneqaivocal  fossiliferouB  Cretaceous,  as  well  as  a  probable 
metamorphic  and  later  zone  of  the  same  formation,  as  sources  of 
silver  ores,  are  the  first,  I  believe,  yet  brought  to  light  in  North 
America.  The  only  similar  occurrence  of  which  I  am  aware  is 
in  Chili,  where,  according  to  Mr.  R6mond,  calcareous  and  fos- 
siliferous  Cretaceous  strata,  the  same  as  at  Santa  Eulalia,  cany 
irregolar  silver  deposits.* 


2.  Remarks  on  the  Age  and  Relations  of  the  Meta- 
morphic Rocks  of  New  Brunswic]^:  and  Maine.  By 
Georoe  F.  Matthew  and  L.  W.  Bailey,  of  the  Greo- 
logical  Survey  of  Canada. 

The  sediments  to  which  the  following  remarks  chiefly  relate, 
are  embraced  in  the  most  southerly  of  three  spurs  projecting 
to  the  north-east,  from  that  extensive  tract  of  altered  and  often 
highly  crystalline  rocks  which  occupy  the  greater  part  of  New 
England ;  and  lie  between  the  unaltered  Silurian  of  New  York 
on  the  one  hand,  and  the  New  Brunswick  coal  field  on  the 
other. 

Dr.  Gesner,  who  made  a  geological  survey  of  New  Bruns- 
wick between  tlie  years  1838  and  1842,  recognized  the  exist- 
ence of  granitic  ridges  in  two  of  these  spurs,  and  spoke  of  the 
slates  in  the  central  part  of  the  Province  as  Cambrian,  while 
those  which  lie  near  the  Bay  of  Fundy  were  described  as  Silu- 
rian. Subsequently  the  late  Dr.  James  Robb,  of  King's  Col- 
lege, Fredericton,  in  a  geological  map  published  about  1850, 
and  in  an  explanatory  chapter  in  Johnston's  ''Beport  on  the 
Agricultural  Capabilities  of  New  Brunswick,"  retained  in  the 
main  this  arrangement.  In  both  cases  it  would  appear  that 
the  classification  was  based  upon  the  highly  altered  character 
of  the  rocks,  and  the  paucity  or  entire  absence  of  organic 
remains. 

*  See  an  article  by  the  writer  in  the  American  Jonmal  of  Arts  and  Sciences, 
▼ol.  xlTiii,  1880,  p.  878.  Notes  on  the  Geology  of  Western  Texas  and  of  Chihoahna 
Mexico. 
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Very  little  was  added  to  our  knowledge  of  these  obscore 
and  puzzling  formations  for  a  number  of  years.  About  the 
year  1858,  one  of  the  authors  of  this  paper,  Mr.  George  F. 
Matthew,  began  observations  at  the  city  of  St.  John,  result- 
ing in  discoveries  which  enabled  Dr.  J.  W.  Dawson  to  pro- 
nounce some  of  the  deposits  in  that  vicinity  to  be  of  Upper 
Devonian  age.  At  the  beginning  of  the  present  decade,  & 
Greological  Survey  of  the  State  of  Maine,  under  Prof.  C.  H. 
Hitchcock,  was  undertaken,  through  which  a  knowledge  of  the 
age  of  some  of  the  metamorphic  rocks  adjoining  New  Bmnsr 
wick  was  obtained.*  In  the  following  year  the  characters  of 
the  metamorphic  belt  eastward  of  St.  John  were  observed  dur- 
ing a  reconnoissance  made  for  the  Government  of  New  Brous- 
wick  by  the  authors  of  this  paper,  in  connection  with  Prof.  C. 
F.  Hartt.  We  were  enabled  to  show  the  existence  of  Lauren- 
tian,  Huronian  and  Primordial  strata  in  the  tract  examined, 
and  of  Upper  Silurian  in  Charlotte  County,  as  well  as  to  indi- 
cate the  wide  distribution  of  Devonian  sediments  along  tiie 
coast  both  east  and  west  of  the  St.  John  River.  A  large 
area,  however,  of  altered  rocks  between  the  latter  and  the 
border  of  Maine,  still  remained  in  great  part  unknown. 

When  the  work  of  the  Geological  Survey  of  Canada  was  ex- 
tended to  this  Province  in  1868,  the  authors  of  this  paper 
undertook  the  examination  of  the  area  to  which  reference  has 
been  made.  The  following  remarks  embrace  the  principal 
results  obtained  by  us,  together  with  a  summary  of  the  facts 
at  present  known  with  reference  to  the  structure  of  this  and 
the  neighboring  regions. 

Laubentian  Series. 

The  assemblage  of  rocks  referred  to  this  system  occupy  ^ 
area  surrounded  by  more  recent  formations,  about  forty  miles 
long  and  eight  broad,  extending  from  Mace's  Bay,  an  indenta- 
tion of  the  Bay  of  Fundy,  north-eastward  into  King's  County* 
It  is  well  exposed  in  the  Narrows  of  the  St.  John  River,  a 
few  miles  northward  of  the  city  of  the  same  name. 

The  succession  in  this  series  is  much   obscured  by  faults 

*  We  8haU  have  occasion  to  refer  to  the  Tolu^inous  obserratloiiB  made  in  parts 
of  the  state  fiurther  west,  by  Prof.  Hitchcock,  in  the  sequel. 
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and  overlaps,  but  exhibits  a  repetition  of  beds  similar  in  min- 
eralogical  characters  to  that  observable  in  the  same  series  else- 
where. It  presents  a  great  body  of  gneiss,  often  granitoid  in 
aspect,  and  includes  one  or  more  bands  of  crystalline  lime- 
stone, constituting  veritable  limestone  formations  many  hun- 
dred feet  in  thickness,  interstratified,  however,  with  beds  of 
quartzite  and  diorite.  The  limestones  are  in  some  cases  fine- 
grained, but  in  others  very  coarsely  crystalline,  and  include 
workable  bads  of  crystalline  graphite.  Some  of  the  limestones 
are  micaceous,  and  they  are  often  mixed  with  a  pale  green 
translucent  serpentine^  closely  resembling  that  found  in  the 
Laurentian  limestones  of  other  parts  of  the  continent. 

In  the  south-western  part  of  Charlotte  County  there  is 
another  area  and  several  small  patches  of  granitic  and  syenitic 
gneiss,*  with  gneiss  conglomerate,  which,  mainly  on  Utholog- 
ical  grounds,  we  are  disposed  to  refer  to  the  same  formation. 
Limestones,  however,  are  much  less  abundant  in  these  than  in 
the  Laurentian  of  St.  John  County. 

Labradob  Series. 
Several  hills  of  crystalline  felspar  rock,  associated  with 
hypersthene,t  and  in  some  cases  with  magnetic  iron,  are  found 
lying  between  the  Laurentian  and  the  Cambrian  in  St.  John 
County.  Dr.  Hunt,  who  has  recently  visited  the  locality,  con- 
siders them  to  be  identical  with  the  anorthosite  felspar  rocks 
of  the  Labrador  or  Upper  Laurentian  series,  and  is  disposed 
to  refer  them  to  that  formation. 

CAXBRZAM  OB  HDBONIAN  SEBIE8. 

The  rocks  referred  to  this  series  are  exposed  in  two  bands 
extending  north-eastward  from  near  the  city  of  St.  John,  each 
about  thirty  miles  long  and  three  or  four  wide.  Their  greatest 
observed  thickness  is  about  ten  miles  east  of  St.  John,  where 

*  The  largest  exposure  of  these  syenites  has  hitherto  been  regarded  as  a  part  of 
the  long  granite  ridge  represented  in  maps  heretofore  made,  as  extending  through 
the  metamorphic  area  south  of  the  coal-field.  They  are  evidently  much  older  than 
the  slates  around  them,  and  are  quite  difllorent  flrom  the  Nerepis  granites  to  which 
we  shaU  have  occasion  to  refer  in  the  sequel.  They  are  regarded  by  Dr.  Hunt  as 
true  Laurentian  rocks. 

fTbe  hypersthene  of  this  rock  is  sometimes  in  cleaTable  crystals  one  or  two 
inches  across. 
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it  is  apparently  not  less  than  seven  thonsand  feet.  West- 
ward this  thickness  becomes,  within  a  short  distance,  xety 
greatly  reduced,  and  where  the  beds  cross  the  St.  John  River 
does  not  exceed  fifty  feet.  Beyond  this  point,  in  the  same 
direction,  they  have  not  been  recognized. 

The  beds  of  this  series  consist  mainly  of  hard  felspathic 
rocks,  often  approximating  to  a  petrosilex.  They  are  more  or 
less  qnartzose  and  generally  epidotic,  and  vary  in  color  from 
pale  greenish  or  reddish  to  gray  and  dark  gray.  With  them 
are  associated  considerable  masses  of  diorite.  At  the  base 
are  hard  red  qnartzose  conglomerates  and  red  argillaceoos 
sandstones,  and  at  the  summit  softer  red  sediments  of  the 
same  color.  In  the  finer  felspathic  rocks  the  stratification  is 
often  obscure,  but  may  generally  be  detected  in  the  coarser 
beds,  which,  towards  both  the  base  and  summit,  become  a  con- 
glomerate or  breccia. 

In  many  of  its  features  this  group  of  rocks  recalls  the  Huro- 
nian  series  of  Canada,  with  which  its  stratigraphical  relations 
would  seem  to  make  it  equivalent. 

LOWBS  SILURIAK. 

This  series  includes  about  one  hundred  and  fifty  feet  of 
slates  (holding  Paradoxidea^  Gonocephalites^  Agnostus  and 
other  trilobites,  besides  several  genera  of  brachiopods),  and  an 
overlying  mass,  measuring  not  less  than  two  thousand  feet, 
of  flags  and  slates  containing  Lingvlce^  worm-burrows,  &c. 
These  rocks  lie  chiefly  in  a  narrow  valley,  about  thirty 
miles  long  and  four  miles  wide,  between  the  ridges  of 
Cambrian  rocks  mentioned  above,  and  to  which  they  are 
conformable.  They  are  well  exposed  about  the  city  of  St. 
John,  beyond  which  they  extend  but  a  short  distance  to  the 
westward.  Strata  of  this  age  also  cover  portions  of  the  Lao- 
rentian  rocks  north  and  west  of  St.  John. 

The  basal  portion  of  this  formation,  in  which  alone  trilobites 
have  been  found,  was  pronounced  by  Professor  Hartt  (in  1865), 
in  a  preliminary  notice  embodied  in  our  report  of  that  year, 
to  be  truly  primordial,  and  equivalent  to  the  Etage  C  of  Bai^ 
rande  in  Bohemia,  a  conclusion  conflrmed  by  Mr.  Billings, 
who  pronounced  these  rocks  to  be  the  same  with  those  of  the 
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"Lower  Lingula  Flags"  of  Great  Britain,  and  in  all  proba- 
bility the  same  with  the  ^  St.  John  Group  of  Newfoundland, 
and  the  Paradoxides  beds  of  Braintree,  Mass.,  while  they  repre- 
sent an  horizon  lower  than  that  of  the  Potsdam  of  New  York. 
The  latter  may  be  in  part  represented  by  the  upper  members  of 
the  St.  John  Group. 

Vfpsr  Silubiam. 

Bocks  of  Upper  Silurian  age  have  been  recognized  by  their 
organic  remains  at  Cobscook  Bay  in  Washington  County, 
Maine,  and  eastward  of  Fassamaquoddy  Bay  in  New  Bruns- 
wick. The  great  metamorphism  which  these  sediments  have 
undergone,  and  the  resemblance  borne  by  many  of  them  to 
those  of  the  Devonian  series,  often  render  their  recognition 
difficult,  but  about  Fassamaquoddy  Bay,  where  they  are  best 
exposed,  and  where  they  mainly  constitute  the  lalrger  islands 
which  here  skirt  the  coast,  they  appear  to  consist  of  a  thick 
series  of  gray  and  dark  gray,  sometimes  sandy,  shales,  black 
fissile  carbonaceous  slates,  felsites  (frequently  amygdaloidal), 
and  heavy  beds  of  diorite.  They  are  almost  everywhere  in- 
clined at  high  angles. 

A  mass  of  gray  felspathic  slates,  diorites  and  light  colored 
felsites,  described  in  previous  publications  under  the  provis- 
ional name  of  the  Kingston  series,  has  been  supposed  to  ap- 
pertain to  the  group  now  under  consideration.  Our  present 
knowledge  is  not  sufficient  to  enable  us,  in  the  absence  of  fos- 
sils, to  pronounce  confidently  as  to  the  age  of  these  rocks,  but 
from  the  data  possessed  by  us  we  are  inclined  to  regard  them 
as  including  both  Upper  Silurian  and  Lower  Devonian  beds,  in 
this  respect  resembling  a  portion  of  the  slates  bordering  the 
great  coal-basin  to  the  north,  in  which  fossils,  belonging  near 
the  base  of  the  last  named  group,  have  been  found,  and  which 
will  be  again  referred  to  in  the  sequel. 

From  the  Devonian  series,  to  which  the  Kingston  rocks 
bear  some  resemblance  in  lithological  characters,  they  difiler 
chiefly  in  their  great  uniformity  over  wide  areas;  for  while 
the  former  (as  will  be  presently  shown)  present  very  differ- 
ent aspects  between  the  St.  John  Biver  and  the  Fassama- 
quoddy area,  the  latter,  from  the  central  portion  of  King's 
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Coonty  to  where  they  disappear  npon  the  coast,  a  distanoe  of 
fifty  miles,  retain  their  peculiar  features  unaltered. 

Silubo-Dbyonian.* 

That  portion  of  the  metamorphic  area  in  southern  New 
Brunswick  not  occupied  by  the  rocks  above  described,  consists 
of  Siluro-Devonian  strata  and  granite.  Of  these  the  latter 
forms  a  ridge  of  variable  width,  having  Siluro-Devonian  sedi- 
ments on  each  side.  The  two  together  probably  occupy  three- 
quarters  of  the  metamorphic  country  south  of  the  coal-field. 

Two  principal  divisions  of  these  sediments  may  readily  be 
distinguished  on  the  south  side  of  the  granite  ridge,  viz. : — 

8i.  John  Countff.  Charlotte  Ckmnig. 

l>ivi8iow.    i  ,  Q       eandatones,  black  sUtes,  \  Gray  and  black  sDldooi 

I    fy»0«r.  I      "badoxylonsandBtonee."     j     slates. 

Conglomerates  and  diorites,     {Conglomerates,  flags  and 
'M?ordaite,»  )     diorites. 

Fine-grained  slates  and  ortbo-  )6ra7  and  red  orlbo- 

Ufpbr      J  ^     phyre,"do»  \    phyre. 

DiYisiOM.    1  r  Conglomerate  and  slate.  }  Conglomerate  and  alito. 

Granitoid  grit.  ( Gritty  felaites. 


Upper. 


I  Talcoid  (?)   slates   and  lime- )  Talcose  slates  and  lime- 
stone (thin  and  periiaps  local) . ) 


t     stone  (thin  and  periiaps  local) . )    stone. 

The  basal  part  of  the  Lower  division,  which  about  St.  John 
and  to  the  eastward  of  it»  consists  of  hard  conglomerate  rocks, 
is  represented  in  the  western  part  of  the  county  of  the  same 
name  by  felsites,  limestones  and  conglomerate.  A  projectang 
ridge  of  Laurentian  gneiss  intervenes  between  the  two  de- 
posits. Still  farther  west  (as  in  Charlotte  County)  felspathic 
slates  are  found  at  this  horizon. 

Gfranites, — The  mass  of  granite  which  extends  from  the 
Digdequash  mver  in  Charlotte  County  to  the  St.  John  River 

*A  more  extended  knowledge  of  the  Beyonian  rocks  than  we  i>o8sessed  at 
the  time  that  onr  Report  on  the  Geology  of  sonthem  New  Brunswick  was  writ- 
ten, has  led  ns  to  modify  the  classiflcation  of  this  series  giyen  there,  and  in  an  arti- 
cle on  the  Azoic  and  Palsozoic  rooks  of  sonthem  New  Brunswick.  The  fossil- 
iftrons  i>ortion  included  in  those  publications  under  the  name  of  "Little  Bint 
Group,"  is  nowdiyided,  the  ^'Dadoxylon  Sandstone,"  being  associated  witii  tbe 
Bloomsbury  series  under  the  new  designation  of  the  Lepreau  diyision,  and  the 
"Cordaite  shales"  connected  with  the  Mispeck  or  upper  diylsion.  All  the  beds 
denombiated  "Upper  Bloomsbury"  in  the  older  report  are  included  under  (&< 
head  of  "  Lower  Lepreau,"  and  the  "  Mispeck"  of  the  former  publications  in  lik* 
manner  is  spoken  of  as  "  Upper  Mispeck." 
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in  Qneen's  County,  is  closely  connected  with  the  basal  portion  of 
this  Siluro-Devonian  series.  These  granites  rise  into  hills  of 
considerable  altitude,  and  may  be  well  seen  on  the  Nerepis  and 
Musquash  Rivers  which  cross  the  middle  of  the  granite  range. 
At  the  former  stream  the  central  portion  of  the  mass  consists 
of  fine-grained,  tawny  felspathic  granite  or  enrite,  porphyritic 
with  numerous  crystals  of  felspar  and  rounded  grains  of  quartz. 
On  either  side  of  this  lie  coarse  red  granites,  also  porphyritic, 
and  holding  occasional  rounded  lumps  of  gray  gneiss  and 
granite,  or  rarely  a  boulder  of  quartz-rock.  At  this  horizon  in 
the  granitic  mass  the  rock  is  often  loose  in  texture  and  dis- 
tinctly laminated.  This  laminated  structure  results  from  the 
presence  of  numerous  parallel  planes  in  the  rock,  dipping  at 
low  angles.  It  is  probable  that  these  indicate  half  obliterated 
sedimentary  layers,  for,  on  the  West  Musquash  River,  the  cliffs 
of  this  crumbling  variety  of  granite  present  that  irregularity 
of  outline  so  often  seen  in  sandstone  deposits  made  up  of 
beds  of  unequal  hardness.  The  highest  beds  of  granite  con- 
tain but  little  quartz  and  mica  and  thus  pass  into  crystalline 
felsites. 

Age  of  the  Granite. — The  section  of  this  mass  of  crystalline 
rocks  exposed  in  the  Nerepis  valley  exhibits  their  relations  to 
the  overlying  slates  very  clearly.  From  the  finer  granites 
towards  the  centre  of  the  mass  we  pass  in  descending  this 
river  to  tawny  syenite,  with  well  defined  hornblende  crys- 
tals ;  tMs  is  followed  by  red  syenite,  which  in  its  turn  gives 
place  to  a  syenitic  rock  in  which  the  hornblende  does  not  ex- 
hibit distinct  crystals,  but  is  in  the  form  of  dark  earthy  spots 
in  the  red  rock.  The  deposit  which  overlies  this  is  one  of  dark 
yellowish  or  reddish  ciystalline  felsite ;  this  differs  from  the 
syenite  in  holding  a  smaller  proportion  of  quartz,  but  still  con- 
tains much  hornblende.  In  the  upper  one  thousand  ( ?)  feet 
this  rock  is  cryptocrystalline.  Immediately  upon  this  rests 
one  hundred  feet  of  somewhat  slaty  petrosilicious  rock  contain- 
ing SiLuro-Devonian  fossil  shells.  These  rocks  are  covered  by 
one  hundred  and  fifty  feet  of  dark  gray  crystalline  felsite  and 
diorlte,  which  in  its  turn  is  overlaid  by  eighty  feet  of  dark  gray 
silicious  slates,  holding  shells  of  the  same  genera  as  those  in 
the  lower  beds. 

A.A.A.8.V0L.XVni.  94 
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So  far  as  can  be  judged  from  the  exposures  along  iMs  valley 
there  appears  to  be  a  gradual  passage  from  true  granite  through 
felsites  to  undoubted  Siluro-Devonian  rocks.  Though  the 
same  transition  has  not  been  elsewhere  so  clearly  malrked,  yet 
at  several  points  along  the  southern  border  of  the  granitic  area 
facts  may  be  noted  which  tend  to  confirm  this  intimate  relation 
of  the  latter  to  the  overlying  Devonian  strata.  On  the  eastern 
shore  of  the  St.  GroLc  River  in  Charlotte  County,  ten  miles 
above  St.  Andrews,  is  exposed  a  succession  of  granitoid  rocks,  * 
resting  upon  Laurentian  gneiss,  which  both  in  color  and  tex- 
ture recall  the  granites  of  the  Nerepis  range.  They  are  of  red 
or  reddish  gray  colors,  often  weathering  to  a  bright  rusty  red, 
and  are,  for  the  most  part,  an  imperfect  syenite,  containing 
much  red  felspar  and  a  soft  green  uncrystalline  mineral  allied 
to  hornblende.  Portions  of  the  rock  are  highly  epidotic.  In 
descending  the  river  these  granitoid  rocks  are  followed  by,  and 
seem  to  pass  into,  fine  dark  gray  felspathic  rocks,  which  are  in 
turn  succeeded  by  gray  felspathic  and  epidotic  sandstones. 
These  latter,  like  similar  beds  in  Perry,  Maine,  contain  shells 
of  Lingulse. 

On  the  western  side  of  the  river  these  red  granitoid  rocks 
form  the  major  portion  of  the  shore  through  Robbinston,  in 
Maine.  There  are  two  objections  to  the  view  that  the  Nerepis 
granites  are  Devonian  which  may  have  some  weight.  In  the 
slate  country,  between  the  granite  ridge  and  the  Bay  of  Fundy, 
where  Upper  Silurian  and  Siluro-Devonian  strata  are  upturned, 
and  show  their  basset  edges  for  many  miles,  no  granitic 
rocks,  or  mass  of  sediments  which  in  bulk  and  texture  would 
represent  them,  appear  at  the  base  of  the  Siluro-Devonian. 
Again,  the  movements  which  ensued  towards  the  close  of  the 
Devonian  age,  and  in  the  interval  between  the  latter  and  the 
unconformable  deposition  of  Carboniferous  sediments,  would 
seem  to  have  found  in  the  area  now  occupied  by  the  granites  a 
resisting  mass,  against  which  the  slates  were  pressed  up  on 
either  side.  Unless  then  such  a  barrier  were  afforded  by  the 
Laurentian  gneiss,  which  both  in  western  Charlotte  and  at 
Hampstead  in  Queen's  County,  are  seen  to  lie  beneath  the 
granites  of  the  Nerepis,  these  latter  would  appear  to  have  been 
already  metamorphosed  and  hardened  prior  to  the  deposition 
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of  the  overlying  slaty  deposits,  or  if  in  the  condition  of  ordi- 
nary sandstones  to  have  been  at  least  more  unyielding  than 
these  latter. 

The  Huronian  formation  of  St.  John  County  has  many  points 
of  resemblance  to  the  Siluro-Devonian  series.  A  transforma- 
tion of  grits  and  conglomerates  of  that  series  into  red  syenite 
was  commented  on  by  one  of  the  authors  of  this  paper  in  a 
former  article.*  But  these  lack  the  porphyritic  structure  and 
coarse  texture  of  the  Nerepis  granite,  and  we  could  find  no  evi- 
dence of  the  presence  of  the  older  series  in  the  tract  where 
these  granites  occur. 

It  may  be  noted  as  a  significant  fact  in  this  connection,  that 
at  every  point  but  one,t  where  the  border  of  the  granitic  mass 
has  been  examined,  Siluro-Devonian  slates  have  been  foimd  to 
be  neoa  them,  and  to  dip  away  from  the  granitic  ridge  on  both 
sides.  These  slates  (or  petrosilicious  rocks)  on  the  south  side 
of  the  ridge,  belong  to  the  Lower  Division  of  the  series,  so 
that  the  granites,  if  they  are  altered  sediments  of  the  same 
series,  are  at  the  base  of  this  lower  division. 

It  may  be  noted  also,  as  tending  to  confirm  this  view,  that 
near  the  granite  in  the  metamorphic  country  north  of  the  coal- 
field, fossil  shells  have  been  found  indicating  an  horizon  near 
the  base  of  the  Devonian  series  or  at  the  summit  of  the  Silu- 
rian. Should  the  slates  containing  these  fossils  be  found  to 
dip  beneath  the  granite,  which  is  coarsely  porphyritic,  and  in 
other  features  bears  much  resemblance  to  the  granites  of  the 
Nerepis,  little  doubt  of  the  Silurian  age  of  these  latter  will 
then  exist.  { 

On  the  whole,  the  facts  thus  far  known  strongly  favor  the 
view  that  the  Nerepis  granites  are  altered  sandstone  and  grits 
at  the  base  of  the  Siluro-Devonian  series. 
DadaxyUm  sandstone. — In  St.  John  County  a  part  of  the 

*  G.  F.Mattbew— Quarterly  Journal  of  Geological  Society,  Nov.,  1865. 

tin  the  ezoeptiona]  cases  refiarred  to  the  granitic  rocks  are  brought  in  contact 
with  the  Kingston  series  (SUaro-Deyonian  ?)  by  a  fliult  and  upthrow  of  the  latter. 
Opposite  to  this  point  (where  the  granite  approaches  the  Bay  of  Fundy)  the  lower 
beds  in  the  coastal  deposit  of  the  Upper  Deyonian,  more  nearly  resembles  granite 
than  elsewhere. 

t  Such  would  appear  to  be  the  case  in  Nova  Scotia,  where  along  Uie  southern  side 
of  the  Annapolis  VaUey,  a  series  of  slates,  holding  an  assemblage  of  shells  of 
Lower  Deyonian  aspect,  are  described  by  Dr.  Dawson  as  dipping  downward 
towards  a  mass  of  coarse  porphyritic  granite. 
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Devonian  strata  have  been  called  the  "  Dadoxylon  sandstones," 
on  account  of  the  nomerons  tmnks  of  trees  of  this  genos  im- 
bedded in  the  sandy  layers.  The  formation  here  also  contains 
an  abundant  and  varied  flora  of  the  period,  as  well  as  remains 
of  insects  and  crustaceans.  Within  the  county,  and  for  many 
miles  beyond  it  to  tiie  westward,  these  sandstones  are  inter- 
calated with  slaty  beds.  Immediately  around  the  sandstone 
tract  these  slates  are  soft,  black  and  carbonaceous ;  farther  to 
the  westward  they  alternate  with  silicious  layers ;  and  in  the 
Nerepis  Hills  to  the  north-west,  and  about  Fassamaquoddy  Bay 
to  the  south-west,  the  Siluro-Devonian  slates,  although  dis- 
tinctly banded  with  alternating  gray  and  black  layers,  are  sili- 
cious throughout. 

Mispeck  Mocks. — In  passing  upward,  from  the  strata  just 
described,  to  this  division,  a  decided  change  may  be  ob- 
served. There  is  here  a  return  to  diorites,  conglomerates 
and  bright  colored  slates,  such  as  may  be  seen  in  the  lower 
series.  These  bright  colored  rocks  are  succeeded  by  pale 
green  slates  (''  Gordaite'').  In  the  Siluro-Devonian  series  they 
are  represented  by  felspathic  slates,  fine  grained  homogeneous 
felspathic  rocks,  of  dark  gray  (white  weathering)  and  dusky 
red  (bright  red  weathering)  colors,  which  are  often  porphy- 
ritic  with  crystals  of  orthoclase,  and  become  veritable  ortho- 
phyres,  or  claystone  porphyries,  without  any  trace  of  lam- 
ination, except  that  in  a  few  places  they  exhibit  distinct 
bands  of  color.  These  colored  layers  are  in  the  lower  portion 
of  the  mass. 

On  the  south  side  of  the  granitic  ridge  there  is  about  the 
middle  of  this  division  a  group  of  conglomerates  and  slate  beds, 
differing  from  that  at  the  base  in  the  absence  of  dioritic  and 
other  green  beds.  These  conglomerates  are  covered  by  a  thick 
mass  of  altered  grits,  often  granitoid  in  appearance,  but  at 
other  times  assuming  the  aspect  of  coarse  talcose  and  fel- 
spathic schist  or  gritty  felsites. 

Some  impure  earthy  limestone  beds,  of  no  great  thickness, 
with  talcose  and  chloritic  slates,  are  found  at  the  summit  of 
the  series. 

Conditions  of  deposition, — It  may  be  inferred,  from  the  nature 
of  the  deposits  in  the  Upper  Devonian  series,  that  by  far  the 


OBOLOGT  AKD  PAI.2BOirrOLOOT.  189 

greater  part  was  of  littoral  origin,  or  deposited  in  shallow 
basins  partly  shut  off  from  the  sea.* 

From  the  Devonian  and  Siluro-Devonian  rocks,  to  which 
the  above  remarks  are  limited,  the  slates  on  the  north  side 
of  the  granite  ridge  differ  in  their  remarkable  nniformity  over 
large  areas — a  nniformity  so  great  that  exposures  seventy 
or  eighty  miles  apart  present  strata  of  exactly  the  same  char- 
acter. In  this  respect  they  are  more  nearly  in  accord  with  the 
Sangston  rocks,  south  of  the  granite.  Although  dipping  off, 
therefore,  from  the  latter  on  the  north  as  the  Siluro-Devonian 
slates  do  on  the  south,  and  though  they  present  a  succession 
of  beds  parallel  to  these  in  general  aspect,  we  do  not  as  yet 
feel  confident  in  asserting  that  they  are  the  same. 

Granting  the  Devonian  age  of  these  rocks,  the  relation  of 
the  areas  north-west  and  south-east  of  the  granite  ridge  would 
appear  to  have  been,  as  regards  the  conditions  of  deposition, 
veiy  much  the  same  at  this  time  as  during  the  Carboniferous 
era.  In  the  open  basin  or  pelagic  area  to  the  north,  the  strata 
present  the  following  succession : 

Feisites. 

1.  Bark  clay  elate  or  carbonaceous  schist. 

S.  Micaceous  quartsite  or  quarts  on  mioa  schist. 

8.  Fine  greenish  micaceous  slate. 

4.  Coarse  green  micaceous  slate. 

In  the  slates  of  No.  1,  north  of  the  Douglas  Valley  in 
Queen's  County,  plants  which  resemble  those  of  St.  John  have 
been  found.  About  twelve  miles  farther  east  numerous  shells, 
crinoids  and  some  trilobites  occur  in  nearly  horizontal  beds  of 
gray  shale  underlying  daCrk  gray  silicious  feisites.  To  the  west 
fine  grained  ferruginous  gneiss,  micaceous  quartzite,  and  mica 
slates  occur  in  connection  with  this  same  division.  In  these 
mica  slates  well  defined  crystals  of  staurotidcy  andcUttsite  and 
garnet  have  been  developed. 

Nos.  8  and  4  are  a  succession  of  highly  micaceous  slates, 
pale  green  and  argillaceous  in  the  lower  part,  but  of  a  brighter 
apple  green  tint  and  of  a  coarser  texture  in  the  upper. 

Disturbances  aJt  the  dose  of  the  Devonian  age. — In  the  com- 

*The  occurrence  oi  land  plants  in  the  Leprean  Dinsion  on  the  St.  Croix  and 
Herepis  as  weU  as  at  St.  John,  together  with  the  occurrence  of  CordaUet  through 
the  entire  mass  of  the  Lower  Mispeok  rocks,  near  the  city  last  named,  leaye  little 
doubt  of  the  correctness  of  this  yiew. 
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position  and  structure  of  several  of  the  groups  to  which  tiie 
preceding  remarks  refer,  many  features  present  themselTes 
which  suggest  the  latter  portion  of  the  Devonian  Period,  or  the 
interval  which  elapsed  between  this  and  the  opening  of  the 
Carboniferous  era,  as  having  been  in  this  part  of  the  continent 
one  of  marked  physical  changes.  Great  alterations  of  level, 
marked  by  excessive  denudation,  had  no  doubt  taken  place  in 
earlier  periods,  as  at  the  close  of  the  Laurentian,  and  towards 
or  at  the  close  of  the  Lower  Silurian  Feripd,  but  as  the 
Devonian  age  was  drawing  to  a  close  movements  of  greater 
magnitude,  and  involving  all  the  formations  of  earlier  date, 
would  seem  to  have  taken  place  in  this  portion  of  Acadia. 

The  features  to  which  reference  has  been  made,  consist  in 
the  metamorphism  and  debituminization  of  the  sediments,  as 
well  as  in  the  extreme  plications  of  the  strata,  accompanied 
by  the  production  of  a  slaty  cleavage  in  the  more  schistose 
beds.  In  these  plications  the  Devonian  beds  have  been  af- 
fected equally  with  those  of  the  Cambrian  and  Primordial, 
while  on  the  denuded  edges  of  both  the  Lower  Carboniferous 
sediments  rest  unconformably.  The  first  indications  of  these 
changes  which  we  have  are  to  be  found  in  the  passage  beds 
between  the  Lepreau  and  Mispeck  divisions  of  the  Devonian 
series.  A  rapid  decrease  in  the  dip  of  the  slates  at  this  hoi^ 
izon,  observed  at  several  points  in  the  littoral  zone  south  of 
the  granite  range,  probably  marks  the  beginning  of  the  great 
displacements  which  culminated  at  the  close  of  this  age. 

It  has  already  been  said  that  the  great  gneiss-granite  range 
in  the  centre  of  the  southern  metamorphic  belt  continued  to  be 
a  stable  area  against  which  the  slates  were  pushed  up.  This 
is  very  clearly  seen  on  its  south-east  side,  where  a  law  of  dis- 
placement, similar  to  that  traced  out  by  Bogers  in  the  AUe- 
ghanies,  and  by  Sir  W.  E.  Logan  among  the  rocks  of  the 
Quebec  Group,  holds.  Instances  of  it  may  be  seen  in  the  east- 
ern part  of  St.  John  County,  where  the  lower  Cambrian  slates 
are  met  with  on  the  south-east  side  of  a  fold,  and  the  higher 
beds  of  the  same  formation  with  primordial  slates  on  the  other. 
In  the  western  part  of  the  same  county  similar  displacements 
may  be  seen,  having  the  strata  uplifted  on  the  'south-east  side. 
But  the  most  strongly  marked  break  is  one  nearer  to  the 
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granite  ridge ;  this  fault  nms  parallel  to  it  for  forty  miles,  with 
the  Siluro-Devonian  slates  on  the  north-west  side,  and  slates 
of  the  Kingston  series  on  the  south-east. 

The  same  granitic  axis  has  also  played  an  important  part  in 
influencing  the  direction  of  cleavage  planes  in  the  slates. 
These  on  both  sides  of  the  ridge  are  parallel  to  its  general 
course,  and  dip  away  from  it  on  each  side ;  even  where  the 
course  of  the  slates  changes,  the  direction  of  the  slaty  cleavage 
remains  the  same,  so  that  masses  of  the  Devonian  rocks  are 
sometimes  seen  in  which  the  cleavage  planes  cross  the  strike 
of  the  beds  at  right  angles. 

The  Silubo-Dbyoniak  dt  Maine. 

Having  found,  contrary  to  expectation,  that  the  rocks  in  the 
greater  part  of  the  metamorphic  country  in  New  Brunswick, 
near  the  United  States  border,  are  of  Devonian  age,  and  since 
the  various  bands  of  slate  on  the  British  side  have  been  traced 
through  portions  of  Maine,  by  Professor  C.  H.  Hitchcock  and 
others  connected  with  the  survey  of  that  state,  we  venture  to 
offer  here  some  suggestions  and  conjectures  on  the  probable 
age  of  the  schists,  granites,  etc.,  in  the  south-eastern  half  of 
Maine. 

The  granite  ridge  of  southern  New  Brunswick,  to  which  al- 
lusion has  frequently  been  made  in  preceding  pages,  enters 
the  State  of  Maine  in  the  township  of  Calais.  It  is  here  repre- 
sented by  a  thick  body  of  conglomerate-gneiss  (composed  of 
dark  syenitic  pebbles,  from  two  inches  to  as  many  feet  in  di- 
ameter, enclosed  in  a  white  granitic,  often  porphyroid,  matrix), 
dark  syenitic  gneiss  and  white  granite,  which  we  believe  to  be 
Laurentian,  and  a  mass  of  red  weathering  coarse  granitoid 
rocks  which  may  represent  those  of  the  Nerepis,  and  perhaps 
constitute  the  basal  portion  of  the  Siluro-Devonian.  Both  of 
these  are  probably  represented  in  the  granitic  district  of  south- 
eastern Maine,  which,  according  to  Professor  Hitchcock,  is 
continuous  to  the  sea  in  the  vicinity  of  Jonesport. 

To  the  eastward  of  this  ridge  we  appear  to  have  chiefly  Si- 
luro-Devonian rocks,  with  occasional  bands  of  upturned  Upper 
Silurian..  The  "traps"  of  this  area  correspond  to  the  diorites, 
etc.,  at  the  base  of  the  upper  division,  and  the  "red  Jasper" 
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to  the  red  felsites  and  orthophyre  above  them.  It  is  probable 
that  the  lower  division  will  be  bat  meagrely  represented,  and 
the  upper  half  of  the  upper  division  wanting  in  this  tract, 
such  being  the  case  around  Fassamaquoddy  Bay. 

On  the  north-west  side  of  the  granite  ridge  noted,  we  again 
meet,  in  New  Brunswick,  Devonian  slates,  now  in  their  pelagic 
aspect.  On  the  Maine  border,  above  Baring,  these  consist  of 
fine-grained  gray  gneiss  and  ibicaceous  quartzite,  the  former 
dipping  towards  and  abruptly  meeting  the  gneiss  conglomerate 
above  alluded  to,  within  which  along  the  line  of  junction  small 
pieces  of  the  Devonian  gneiss  are  imbedded,  as  though  firag* 
ments  of  the  latter  had  sunk  in  the  pasty  mass.*  Farther 
north  these  Devonian  beds  are  folded  and  dip  northward,  pass- 
ing beneath  a  heavy  body  of  fine  greenish  and  grayish  micace- 
ous slate,  which  here  represent,  perhaps,  some  portion  of  the 
Siluro-Devonian  series. 

A  similar  arrangement  is  indicated  by  Professor  Hitchcock, 
who  represents  the  slates  or  schists  north  of  Baring  as  lying  in 
a  basin  between  the  granitic  ridge  above  named,  and  another 
which  crosses  the  northern  part  of  Washington  County,  and  is 
supposed  to  connect  through  the  northern  part  of  Hancock 
County  with  the  granitic  masses  around  Mount  Desert  on  the 
coast.  On  the  southern  side  of  this  last  granitic  ridge,  and 
forming  the  northern  side  of  the  trough  are  a  series  of  beds, 
described  as  quartz-rock  and  calciferous  mica  schist,  and  which 
are  said  to  be  the  same  as  those  known  to  extend  through  York 
County,  N.  B.,  towards  the  Bay  de  Chaleur.  This  belt  of 
rocks  has  been  recognized,  with  essentially  the  same  features, 
by  one  of  the  authors  of  this  paper,  on  the  St.  John  River 
above  Fredericton,  and  about  Grand  Lake  in  the  eastern 
Schoodic  region,  in  the  State  of  Maine.  As  observed  by  the 
latter,  it  consists  of  clay  slates  f  and  thick  intercalated  beds 
of  quartzite,  etc.,  rather  than  of  mica  schist,  and  if,  as  may  be 

•Dr.  Dawson,  in  his  "  Acadian  Geology''  (2d  ed.,  p.  489),  describes  a  similar 
occurrence  in  the  case  of  the  Devonian  rocks  on  the  south  side  of  the  Annapolis 
Valley.  These  slates,  holding  fossUs  of  Lower  Deyonian  aspect,  are  described  as 
dipping  into  a  great  mass  of  white  granite,  the  slates  near  the  Junction  haring 
been  tamed  into  gneissoid  rock  holding  garnets,  wliile  numerous  angular  fhig- 
ments  are  enclosed  in  the  granite,  which  also  sends  veins  into  the  slates. 

fit  is  in  this  band  of  slates  that  fossils  of  Deyonian  aspect  have  been  obtahied 
by  Mr.  C.  Bobb,  north-east  of  Fredericton. 
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the  case,  it  here  represents  the  rocks  of  the  Lower  Devonian 
series,  it  more  nearly  resemble  these  as  seen  near  St.  John 
than  those  above  alluded  to  as  forming  the  southern  side  of 
the  trough  now  under  consideration. 

The  granites  on  the  north  side  of  this  basin,  both  in  New 
Brunswick  and  Maine,  are  coarsely  porphyritic.  They  have 
recently  been  examined  on  the  St.  John  River,  where  along 
their  southern  border  they  are  of  a  reddish  tint,  containing 
both  orthoclase  and  albite  or  oligodase.  Farther  north  the 
rock  is  of  a  lighter  color,  consisting  of  a  gray  granite  (with 
white  orthoclase  and  black  mica),  and  sometimes  contains 
masses  of  dark  micaceous  quartzite.  At  several  points  it  is 
overlaid  by  gray  gneiss,  holding  bands  of  micaceous  quartzite, 
which  also  constitute  the  rocks  first  seen  on  the  northern  slope 
of  the  granitic  mass.  These  may  be  the  '^  argiUo-micaceous 
schists,"  described  by  Professor  Hitchcock  as  holding  a  simi- 
lar position  in  Maine,  and  which  are  said  to  extend  in  an  '^es- 
sentially unaltered  form  to  the  Saco  River,"  in  fact  nearly 
reaching  the  south-west  comer  of  the  State.  At  this  end  of  the 
basin,  where  probably  the  lower  beds  are  exposed,  the  rock 
contains  garnets,  staurotide  and  kyanite.  Along  the  north- 
east side  (in  Northport)  it  holds  andalusite.  If  these  rocks 
represent  here  the  lower  part  of  the  Devonian  slates,  as  the 
mica  schists  holding  a  similar  position  and  containing  the  same 
minerals  do  in  the  central  parts  of  Charlotte  County,  the 
geology  of  this  portion  of  America  will  be  greatly  simplified. 

There  is  a  belt  of  granite  associated  with  masses  of  ob- 
scurely stratified  gneiss  and  beds  of  pyritiferous  miesrschist, 
extending  along  the  coast  of  Maine,  from  Portland  eastward 
to  the  mouth  of  the  Penobscot  River,  which,  as  described  in 
Professor  Hitchcock's  Report,  resembles  the  Laurentian  series 
of  New  Brunswick.  With  this  exception  and  possibly  that  of 
the  belt  of  slates  and  quartzites*  which*  skirt  the  southern 
edge  of  the  northern  granite  belt,  nearly  all  the  formations  of 
south-eastern  Maine  might,  on  lithological  grounds,  be  com- 

*  A  boulder  compoeed  of  rock,  not  distingnlsbable  from  these  qnartzites,  baa 
been  found  by  Mr.  Cbarles  Bobb,  near  the  Eel  Kiver  in  York  County,  which  con- 
tAinB  sereral  nnmistakeable  fragments  of  graptolites.  Should  these  be  found  to 
characterize  this  belt,  the  latter  would  of  course  be  referred  to  the  Lower  Silurian, 
which  as  seen  in  St.  John,  they  resemble  quite  as  closely  as  they  do  the  Devonian. 

A.  ▲.  A.  S.  VOL.  XVin.  25 
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pared  with  those  of  the  Siluro-Devonian  and  Devonian  series 
in  New  Brunswick.  Among  these,  however,  may  be  islands 
or  ridges  of  older  rock,  as  is  probably  the  case  at  some  pointB 
along  the  eastern  border. 

One  object  in  preparing  these  remarks  has  been  partly  to 
enable  New  England  geologists  to  test  the  value  of  onr  work 
in  New  Brunswick,  bearing  on  the  geolc^  of  Maine.  As 
it  may  assist  in  the  discovery  of  organic  remains  in  the 
Devonian  rocks  of  that  State,  we  may  add  that  with  us  the 
Mispeck  division  is  almost  devoid  of  such,  so  far  as  we  know, 
except  to  the  eastward  of  St.  John,  where  plant  remains  occur 
sparingly  in  the  lower  half  (" cordaite  shales").  The  Lepreau 
division  is  the  great  repository  both  for  these  and  for  marine 
organisms.  Plants  are  more  abundant  in  the  upper  and  more 
silicious  half  (equivalent  to  the  Dadoxylon  sandstone),  and 
shells  with  a  few  plants  in  the  lower. 

It  may  be  inferred  that  the  discovery  of  such  remains  in  the 
metamorphic  tracts  of  New  England  is  not  improbable,  fh>m 
the  fact  that  they  are  met  with  in  New  Brunswick,  only  a  few 
miles  from  points  where  the  slates  are  so  highly  altered  as  to 
be  filled  with  crystals  of  andalusite,  staurotide  and  garnet. 

NOTE. 

It  is  proper  to  add  here  that  the  foregoing  article  will  be 
found  to  differ  in  several  particulars  from  that  presented  and 
read  under  the  same  title,  by  one  of  the  authors,  at  the  meet- 
ing in  Salem.  The  alterations  referred  to  have  been  deemed 
necessary  from  the  result  of  farther  investigation  of  the  fossils 
upon  which  some  of  the  conclusions  therein  given  were  based. 
At  the  date  of  the  preparation  of  the  original  article  these  fos- 
sils were  regarded  by  a  competent  authority  as  probably  Upper 
Devonian,  and  this  age  was  accordingly  assigned  to  the  whole 
of  the  associated  strata.  Having,  however,  since  discovered, 
at  the  base  of  the  strata  thus  designated,  beds  which  contain 
forms  apparently  of  Upper  Silurian  type,  we  have  given  this 
assemblage  of  beds  the  more  comprehensive  title  of  "  Siluro- 
Devonian,"  intending  thereby  to  indicate  a  geological  horizon 
near  the  junction  of  these  two  formations,  and  including  there- 
fore both  Upper  Silurian  and  Lower  Devonian  forms  of  life. 
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It  will  follow  from  the  same  fact,  as  indicated  above,  that  the 
Nerepis  granites,  before  looked  upon  as  probably  Lower  D^ 
Yonian,  must  now  be  regarded  as  of  Upper  Silurian  age,  if  not 
of  still  greater  antiquity. 

Lists  of  the  fossils  referred  to  above,  with  more  detailed 
descriptions  of  the  formations  in  which  they  occur,  will  shortly 
f^pear  in  the  Reports  of  the  Geological  Survey  of  Canada. — 
L.  W.  Bailey,  April,  1870. 


3.  On  the  Valley  of  the  Amazox.    By  James  Orton,  of 
Foughkeepsie,  N.  Y. 

From  the  Atlantic  shore  to  the  foot  of  the  Andes,  and  from 
the  Orinoco  to  the  Paraguay,  stretches  the  great  valley  of  the 
Amazon.  Its  area,  of  two  millions  and  a  half  square  miles, 
would  contain  the  basins  of  the  Mississippi,  the  Danube,  the 
Nile  and  the  Hoang-Ho.  It  lies  between  three  grand  eleva- 
tions :  on  the  north  are  the  highlands  of  Guiana ;  on  the  south 
rise  the  table-lands  of  Matto-Grosso ;  on  the  west  stand  the 
Andes.  The  valley  begins  at  such  an  altitude  that  on  the 
westernmost  edge  vegetation  differs  as  mueh  from  the  vegeta- 
tion at  Para,  though  in  the  same  latitude,  as  the  flora  of  Canada 
from  the  flora  of  the  West  Indies.  The  greater  part,  however, 
is  an  extensive  plain  very  slightly  inclined  towards  the 
Atlantic. 

Prom  the  mouth  of  the  Napo  to  the  ocean,  a  distance  of 
1800  miles  in  a  straight  line,  the  slope  is  one  foot  in  five  miles. 
Professor  Agassiz  gives  the  average  slope  as  hardly  more  than 
a  foot  in  ten  miles ;  but  this  is  based  on  the  farther  assertion 
that  the  distance  from  Tabatinga  to  the  seashore  is  more  than 
2000  miles  in  a  straight  line.  It  is  not  1600.  At  Coca,  on  the 
Napo,  the  altitude  is  850  feet,  according  to  my  own  observsr 
tions ;  at  Tingo  Maria  on  the  Huallaga,  it  is  2200  feet,  accord- 
ing to  Hemdon;  at  the  junction  of  the  Negro  with  the 
Cassiquiari  it  is  400  feet,  according  to  Wallace,  and  at  the 
mouth  of  the  Marmor6  it  is  800  feet,  according  to  Gibbon ; 
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while  at  the  Pongo  de  Manseriche,  where  the  Amazon  leaps 
from  the  Andes  for  the  last  time,  the  altitude  is  1600  feet,  ac- 
cording to  Humboldt. 

These  barometrical  measurements  represent  the  basin  of  the 
Great  Biver  as  a  trough  lying  parallel  to  the  Equator,  the  south 
side  having  double  the  inclination  of  the  northern,  and  the 
whole  narrowing  and  gently  sloping^  eastward.  Furthermore, 
the  channel  of  the  Amazon  is  not  in  the  centre  of  this  basin, 
but  lies  to  the  north  of  it.  Thus  the  hills  of  Almeyrim  rise 
directly  from  the  river,  while  the  first  falls  on  the  Tocantins, 
Xingu  and  Tapajos  occur  nearly  200  miles  above  their  mouths. 
The  rapids  of  San  Gabriel  on  the  Negro  are  175  miles  from 
the  Amazon,  while  the  first  obstruction  to  the  navigation  of 
the  Madeira  are  100  miles  farther  from  the  Great  River. 

No  region  on  the  globe  of  equal  extent  has  such  a  monoto- 
nous geology.  On  the  north  is  the  low,  level  water-shed  be- 
tween the  Amazon  and  Orinoco,  composed  of  granite  and 
gneiss  slightly  covered  with  debris ;  there  is  a  total  absence  of 
sedimentaty  rocks.*  On  the  south  is  the  high  plateau  of  Bra- 
zil, consisting  of  horizontal  strata  of  palseozoic  age,  nowhere 
covered  by  secondary  or  tertiary  deposits.f  On  the  west  are 
the  porphyritlc  peaks  of  the  Andes.  Ai^und  the  rim  of  the 
basin  are  the  out-croppings  of  a  cretaceous  deposit ;  this  is  the 
first  chapter  in  its  known  geologic  history.  But  above  this, 
lining  the  whole  valley  from  New  Granada  to  the  Argentine 
Republic,  are  the  following  formations : 

First,  a  stratified  accumulation  of  sand ;  second,  a  series  of 
laminated  clays  of  divers  colors  and  generally  without  a  peb- 
ble ;  third,  a  fine,  compact  sandstone ;  fourth,  a  course,  porous 
sandstone,  highly  ferruginous ;  and  finally,  over  the  undulating 
surface  of  the  last,  there  was  left  an  ochraceous,  unstratified 
sandy  clay,  resembling  in  composition  the  inundation  mud  of 
the  Rhine  and  Nile.  The  total  thickness  of  these  beds  can- 
not be  less  than  1000  feet.  The  ferruginous  sandstone  alone 
is  over  800  feet  thick ;  but  the  table  topped  hills  of  Almeyrim 
are  almost  the  sole  relics.  If  the  plausible  theory  be  true 
that  these  are  the  mementoes  of  a  colossal  denudation,  the 
history  of  the  Amazonian  Valley  is  quite  different  from  that 

*£Tan  HopkiiUB,  F.  G.  S. 
t  Dr.  Lund. 
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of  the  Pampas  where  there  is  no  evidence  of  much  superficial 
denudation.  The  trend  of  these  hills,  east  and  west,  would 
indicate  that  the  denuding  force  came  from  the  Andes. 

It  is  a  question  to  what  period  this  vast  accumulation  is  to 
be  assigned.  The  earlier  observers  pronounced  it  of  marine 
origin,  Humboldt  calling  it  Old  Bed  Sandstone,  and  Martins, 
New  Red.  It  can  be  neither  of  these,  for  it  overUes  the  cre- 
taceous. Professor  Agassiz  gives  it  a  post-tertiary  date  and 
fresh-water  origin.  It  is  ^^  drift  (he  says),  the  glacial  deposit 
brought  do?m  from  the  Andes  and  worked  over  by  the  melting 
of  the  ice  which  transported  it.''  The  Professor  farther  de- 
clares that  these  deposits  ''  show  np  sign  whatever  of  a  marine 
origin ;  no  sea-shells  nor  remains  of  any  marine  animal  have 
as  yet  been  found  throughout  their  whole  extent ;  tertiary  de^ 
posits  have  never  been  observed  in  any  part  of  the  Amazonian 
basin."  In  the  words  of  Mr.  Lyell:  <' Professor  Agassiz  has 
hazarded  the  startling  conjecture  that  the  Amazonian  basin 
was  closed  up  and  converted  into  a  lake  by  the  terminal 
moraine  of  a  glacier  which  stretched  for  thousands  of  miles 
from  west  to  east  and  entered  the  sea  under  the  equator.  But 
this  distinguished  naturalist,  Lyell  continues,  candidly  con- 
fesses that  he  failed  to  discover  any  of  those  proofs  which  we 
are  accustomed  to  regard,  even  in  temperate  latitudes,  as  essen- 
tial for  the  establishment  of  the  former  existence  of  glaciers 
where  they  are  now  no  more.  No  glaciated  pebbles,  or  far 
transported  angular  blocks  with  polished  and  striated  sides,  no 
extensive  surface  of  rock,  smooth  and  traversed  by  rectilinear 
ftuTOWS,  were  observed  "  • 

It  is  true  that  neither  Bates,  Wallace  nor  Agassiz  found  any 
marine  fossils  on  the  banks  of  the  Great  River.  But  these 
explorers  ascended  no  farther  than  Tabatinga.  Two  hundred 
miles  west  of  that  fort  is  the  little  village  of  Pebas  at  the  con- 
fluence of  the  Ambiyacu.  In  December,  1867,  it  was  my  for- 
tune, in  coming  down  from  the  Andes  by  the  Rio  Napo  and 
Maranon,  to  stop  at  this  place.  In  the  high  bank  on  which 
the  village  stands,  I  discovered  a  fossiliferous  bed  interstratified 
with  the  variegated  clays  so  peculiar  to  the  Amazon.  It  was 
crowded  with  marine,  or  at  least  brackish-water  shells  I  They 
belonged  to  the  genera  Neritina^  TurhoniUayMesalia^  Tdlina 

•LyoU's  Prine^USy  1, 468-8. 


198  B.   NATURAL  HISTOBT. 

and  the  new  genus  Pachydon  resembling  Isocardia.  They 
were  all  new  species,  excepting  a  NerUina  pupa^  which,  by  the 
retention  of  its  peculiar  markings  and  by  its  being  a  liTing 
West  Indian  species,  points  to  a  recent  era.  I  may  add,  that 
a  sample  of  the  red  clay  from  a  different  locality,  was  exam- 
ined under  the  microscope  at  my  request  by  Professor  Clark, 
who  reported  "  fragments  of  gasteropod  shell  and  bivalve  casts." 
Moreover,  mingled  with  the  clay  deposit  along  the  river  are 
seams  of  a  highly  bituminous  lignite.  I  traced  it  from  near 
the  mouth  of  the  Curary  on  the  Napo  to  Loreto  on  the  Mara- 
non,  a  distance  of  about  400  miles.  It  also  occurs  at  Iqoitos, 
where  it  is  used  as  fUel.* 

From  these  facts,  I  infer :  first,  that  the  Amazonian  day 
formation  cannot  be  referred  to  the  ice-period,  but  is  late  ter^ 
tiary,  and  like  the  Pampean  mud  may  be  an  estuary  deposit ; 
second,  that  we  have  some  grounds  for  the  supposition  that 
not  many  ages  ago  there  was  a  connection  between  the 
Caribbean  Sea  and  the  Upper  Amazon,;  in  other  words,  that 
Guiana  has  only  very  lately  ceased  to  be  an  island.  Coi> 
roborative  of  this  is  the  fact  that  there  is  no  mountain  range 
on  the  water-shed  between  the  Orinoco  and  the  Negro  and 
Japura,  but  the  three  rivers  are  joined  by  natural  canals; 
third,  that  in  tertiary  times,  a  shallow  sea  separated  into 
islands  'Guiana,  Brazil  and  the  Andes,  and  that  the  med- 
iterranean portion,  where  now  lies  the  Amazonian  basin,  was 
rendered  brackish  by  the  influx  of  fresh-water  from  these 
highlands ;  that  the  moment  the  slight  elevation  took  place 
between  Guiana  and  the  Andes,  and  Brazil  and  the  Andes,  the 
accumulating  floods  were  turned  eastward  and  ploughed  a  deep 
channel  which  is  now  called  the  Amazon.  The  flne  laminated 
beds  show  that  they  were  deposited  in  quiet  waters  which  be- 
came turbulent  as  they  became  shallow  as  indicated  by  the 
.coarse  sandstone  on  the  top  of  .the  series. 

But  <4t  is  contrary  to  all  our  knowledge  of  geological  de- 
posits (says  Professor  Agassiz)  to  suppose  that  an  ocean  basin 
of  this  size,  which  must  have  been  submerged  during  an  im- 
mensely long  period,  in  order  to  accumulate  formations  of  such 

*  Mr.  Hnzwell  has  since  found  many  more  fbssU  shells  in  the  south  banks  of  the 
Haranon,  thirty  miles  below  Pebas,  and  the  natiTes  say  they  occur  also  at  Onia* 
guas  and  up  the  Ambiyitcn. 
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a  thickness,  should  not  contain  numerous  remains  of  the  ani- 
mals formerly  inhabiting  it."  To  this  objection  I  reply  that 
the  paucity  of  shells  is  as  remarka;ble  in  the  similar  deposit  on 
the  Bio  Plata,  and  farther,  that  negative  evidence  is  no  evi- 
dence at  all.  To  quote  the  language  of  Mr.  Darwin,  the  dis- 
covery of  the  Pebas  shells  ^Ms  one  more  most  striking  instance 
how  rash  it  is  to  assert  that  any  deposit  is  not  a  marine  forma- 
tion because  it  does  not  contain  fossils." 


4.  The  Plasticity  of  Pebbles  and  Bocks.    By  William 
P.  Blake,  of  San  Francisco,  Cal. 

At  the  Newport  meeting  of  this  Association  in  1860,  the  at- 
tention of  the  members  was  directed  by  Mr.  Charles  H.  Hitch- 
cock to  the  peculiar  etengated  structure  of  the  conglomerate  at 
Purgatory.*  In  that  communication  and  in  a  subsequent 
elaborate  paper  by  the  late  Professor  Hitchcock,  published  in 
the  '^American  Journal  of  Science,"!  i*  was  maintained  that 
the  pebbles  composing  the  Newport  and  other  conglomerates 
had  been  elongated,  compressed  and  distorted  by  tension  and 
pressure  after  having  been  rendered  plastic  by  an  elevation  of 
temperature. 

Objections  were  made  at  the  Newport  meeting  to  this  view 
of  the  origin  of  the  structure,  one  eminent  geologist  and 
physicist.  Professor  Bogers,  arguing  that  these  pebbles  had 
not  been  drawn  out,  that  their  original  forms  as  deposited 
had  not  been  changed,  but  that  their  peculiar  elongated 
forms  were  due  entirely  to  their  having  been  moulded  by 
wave  action  out  of  oblong  fragments  of  the  original  meta- 
morphic  rocks. 

At  subsequent  meetings  the  sul^ect  has  been  more  fully  dis- 
cussed, and  there  yet  appears  to  be  considerable  difference  in 
opinion  among  geologists,  upon  the  origin  of  this  peculiar 
elongated  and  flattened  structure.    Other  localities  have  been 

•  <<  Geology  of  the  Island  of  Aquldneck,''  Proo.  Amer.  Abboc.,  ziy,  1800. 
t  Amer.  Joam.  Science  [2],  zxxi,  87S»  May,  1861. 
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noticed  in  Vermont*  and  in  Maine,!  and  I  now  present  some 
fresh  evidence  from  the  distant  regions  of  Arizona  and  Cali- 
fornia upon  this  interesting  question. 

In  Arizona  Territory,  near  La  Paz  npon  the  Colorado  River, 
there  are  extensive  outcrops  of  a  conglomerate  made  np  of  a 
paste  of  micaceous  schist  filled  with  pebbles  of  granular 
quartz,  varying  in  size  from  an  inch,  or  less,  in  diameter  to 
masses  weighing  many  pounds. 

These  pebbles,  in  general,  present  phenomena  of  elongation 
and  compression  similar  to  those  of  the  Newport  conglomerate. 
They  give  even  more  conclusive  evidence  of  having  been  drawn 
out  and  compressed. 

Elongated  forms,  with  flattened  dra?m-out  ends,  blending  at 
times  with  the  mica  schist  are  most  common.  The  pebbles 
generally  separate  easily  frx)m  the  matrix  and  the  ground  is 
covered  with  those  that  have  been  detached  by  weftthering,  and 
which  are  now  mingling  with  the  modem  alluvial  drift.  All 
these  pebbles  are  uniform  in  texture  and  -appear  to  have  origi- 
nally been  much  water-worn  and  well  rounded  by  attrition. 
Some  of  the  pebbles  show  that  they  have  been  broken  across 
in  several  places,  in  different  directions,  and  that  the  friigments 
have  been  reunited  or  reconsolidated  as  strong  as  before. 

I  was  formerly  skeptical  in  regard  to  the  asserted  distortion 
and  plasticity  of  the  Newport  pebbles,  and  favored  the  expla- 
nation that  the  elongated  forms  were  produced  by  wave-action, 
but  the  examination  of  the  Arizona  conglomerate  convinces 
me  that  not  only  it,  but  the  Newport  conglomerates,  and  those 
of  many  other  localities,  have  been  distorted  and  drawn  out 
and  compressed.  I  am  sure  that  the  examination  of  the  out- 
crops would  satisfy  even  the  most  skeptical. 

But  the  evidence  of  distortion  of  hard  rocks  on  the  Pacific 
Coast  does  not  rest  with  the  Arizona  conglomerates  only,  it  is 
found  on  a  large  scale  upon  the  fianks.of  the  Sierra  Nevada  of 
California.  Those  who  have  ascended  the  lower  slopes  of  the 
range  in  the  gold  region  are  familiar  with  the  remarkable  out- 

*  By  Professor  Hitchcock.    See  Final  Report  upon  the  Geology  of  Vermont 
t  By  ProflBSSor  Charles  H.  Hitchcock.    Preliminary  Report  npon  the  Geology  of 
Maine,  1861.    The  distortion  of  rigid  pebbles  appears  to  have  been  noticed  by  Pro- 
fessor Edward  Hltchcocki  as  early  as  1833.   See  Beport  npon  the  Geology  of  Has- 
aachnsetts. 
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crops  of  slates  well  described  by  the  name  of  ''gravestone 
slates,"  given  to  them  by  the  miners  from  their  resemblance  to 
gravestones.  They  stand  above  the  earth  in  long  lines,  like 
tall  tomb-stones,  and  are  sometimes  ten  or  fifteen  feet  high, 
and  are  not  over  three  or  four  feet  broad  at  the  base. 

These  slates  vary  in  composition ;  some  are  like  roofing  slate, 
others  are  arenaceous,  and  some  are  semi-metamorphosed  con- 
glomerates with  small  pebbles.  They  are  principally  of  the 
secondary  period. 

An  examination  of  these  remarkable  slates  shows  that  their 
peculiar  form  is  due  to  the  elongation  of  the  grains  which  com- 
pose them,  and  consequently  of  the  whole  mass.  The  con- 
glomerates show  the  elongation  with  the  greatest  distinctness. 
In  some  outcrops  pebbles  appear  to  have  been  stretched  as 
much  as  twice  or  three  times  their  original  length  or  diameter. 
They  are  not  only  drawn  out  but  fiattened  so  as  to  become 
long  lenticular  masses,  thus  giving  a  slaty  structure  to  a  rock 
originally  made  of  rounded  pebbles.  Examples  might  be  mul- 
tiplied almost  indefinitely.  Vast  masses  of  rock  have  been 
thus  acted  on,  and  this  drawing  out  and  elongation  of  moun- 
tain masses  of  rock  is  more  common  than  has  been  generally 
supposed. 

All  these  phenomena  indicate  that  the  flexure  or  folding  of 
rocky  strata  on  a  large  scale  must  give  rise  to  great  tension 
upon  the  outer  curve  of  the  bend.  Professor  Hitchcock 
supposes  the  tension  by  which  the  rocks  were  elongated 
to  have  been  produced  in  this  way  in  some  cases.  He  remarks 
also,  that  the  Vermont  rocks  appear  to  be  stretched  in  the 
direction  of  the  dip,  while  at  Newport  they  are  elongated  hori- 
zontally. Nearly  all  the  examples  in  California  show  the 
elongation  to  be  in  the  direction  of  the  dip.  But  I  believe  the 
rocks  to  have  been  subjected  to  a  much  greater  elongation  than 
can  have  been  given  by  ajiy  folding.  I  regard  them  as  having 
been  subjected  to  direct  tension  over  large  areas,  and  generally 
in  vertical  or  highly  inclined  planes.  Moreover,  these  elon- 
gated masses  do  not  appear  in  such  positions  that  we  can  re- 
gard them  (at  least  in  most  cases)  as  forming  portions  of 
great  anticlinal  arches.  They  may  form  the  sides  of  great 
synclinal  troughs  and  have  been  under  great  tension  during 
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subsidence  of  a  mass  of  formations  in  the  centre  of  Uie 
trough. 

It  may  here  be  observed  that  this  great  elongation  of  rock 
masses,  and  the  flattening  of  all  the  grains  of  sand  and  of  peb- 
bles which  compose  them  (an  elongation  in  some  cases  to  twice 
or  three  times  their  original  length),  has  been  accomplished  at 
the  expense  of  their  thickness.  Thus  strata  so  elongated  are 
much  thinner  than  in  their  unstretched  condition.  This  is  a 
consideration  which  bears  directly  upon  the  discussion  of  the 
probable  height  of  anticlinal  folds. 

With  regard  to  the  condition  of  the  quartz  pebbles,  and  of 
the  rocks  during  the  process  of  elongation,  there  is  room  for 
wide  speculation  and  a  variety  of  hypotheses.  Scrope,  Bean- 
mont,  Scheerer,  Hunt  and  others,  maintain  that  all  the  deq>- 
seated  rocks  become  plastic.  We  cannot,  of  course,  easily 
conceive  how  this  distortion  of  the  hard  pebbles  could  have 
been  effected  when  in  their  ordinary  condition.  That  rocks  are 
much  softer  in  the  bed  or  quarry  than  after  they  have  been 
raised  and  exposed  to  the  air,  is  a  familiar  fact  to  aU  miners 
and  quarrymen.  This  softness  of  rocks  may  perhaps  be,  and 
probably  is,  increased  by  an  elevation  of  temperature.  We 
may  legitimately  invoke  the  agency  of  heat  and  water  to  aid 
us  in  accounting  for  these  interesting  phenomena,  but  I  con- 
ceive that  it  is  not  necessary  for  us  to  believe  that  these 
changes  of  form  were  effected  at  very  elevated  temperatures. 
There  does  not  appear  to  have  been  anything  like  semifiision  or 
viscidity  of  the  mass,  and  when  I  use  the  term  plasticUy  I  do 
not  connect  with  It  the  idea  of  any  great  softening  produced 
by  heat.  The  consideration  of  the  phenomena  leads  me  rather 
to  the  conclusion  that  enormous  and  long  continued  pressure 
and  tension,  at  a  moderate  elevation  of  temperature,  perhaps 
(but  not  necessarily  so),  have  been  sufficient  to  produced  the 
molecular  movement  of  these  hard  and  apparently  unyielding 
materials.  Water  permeating  the  mass,  or  the  vapor  of  water, 
may  faciliate  this  movement,  but  there  does  not  appear  to 
me  to  have  been  any  condition  involving  a  great  chemical 
change.  The  evidences  of  such  changes  are  wanting.  Me- 
chanical force  alone  appears  to  have  been  the  agent.  This  I 
not  only  consider  to  have  been  the  cause  of  the  distortion  of 


OEOLOGT  Ain>  PALiBOin'OLOGT.  203 

pebbles  and  rocks,  but  to  have  been  suflacient  to  reunite  frag- 
ments of  pebbles  or  rocks  so  as  to  make  them  homogeneous. 
This  may  be  by  some  considered  as  an  example  of  cementation 
by  solutions — a  kind  of  rock  regelation — which  certainly 
might  occur  and  probably  does,  but  we  are  not  precluded  from 
the  conception  of  the  possibility  of  the  fragments  being 
reunited  simply  by  pressure,  when  under  favorable  conditions. 
I  may  here  refer,  in  support  of  this  view,  to  the  beautifril  ex- 
periments made  by  Mr.  Hungerford  at  the  Chicago  meeting,  in 
reuniting  the  fragments  of  ice  when  at  such  a  low  temperature 
as  to  preclude  the  idea  of  there  being  any  frision  of  the  con- 
tiguous surfaces  of  the  fragments.  Examples  of  the  mobility 
of  the  particles  of  metals  at  our  ordinary  temperatures  are  nu- 
merous and  familiar. 

Lead  at  a  temperature  below  fhsion  is  forced  by  hydraulic 
pressure  into  pipe ;  every  coin  and  medal  has  been  moulded  by 
pressure,  and  iron  may  be  forged  or  drawn  into  wire  either  hot 
or  cold.  Tersca*  has  shown  that  imder  enormous  pressures 
solids  can  be  made  to  flow  in  the  same  manner  as  liquids  or 
that  in  their  movements  they  follow  the  same  law.  If  a  strong 
cylindrical  mould  be  taken,  open  at  one  end  and  partly  closed 
at  the  other,  discs  of  iron  placed  in  it  may  be  forced  out  of  the 
small  opening  by  powerftil  pressure  from  a  follower  or  piston 
in  the  cylinder,  and  these  discs  are  changed  into  cylinders  or 
a  mass  of  elongated  cones.  It  may  here  be  observed,  inciden- 
tally, that  in  this  we  appear  to  have  a  direct  illustration  of  the 
mode  of  formation  of  the  curious  forms  found  in  rocks  called 
stylolites,  and  of  those  generally  known  as  ''cone  within 
cone,"  described  by  Professor  Marsh  at  the  Burlington  meet- 
ing, the  former  of  which  was  regarded  by  him  as  the  result  of 
pressure,  and  the  latter  of  pressure  on  concretionary  structure 
when  in  process  of  formation,  while  the  rocks  were  soft  or  in 
a  plastic  state.  The  distortion  of  fossils  is  another  familiar 
example  of  rock  plasticity.  Tyndall,  in  the  appendix  to  his 
work  upon  the  "  Glaciers  of  the  Alps,"  expresses  the  opinion 
that  a  mass  of  solid  glass  may,  by  pressure,  be  forced  to  per- 
manently change  its  form,  and  that  some  rigid  pebbles  of 

*  Mdmoire  sur  V^conlement  des  corps  solides  soumis  k  de  fortes  pressions  par 
M.  H.  Treflca,  Compte  Bendos,  T.  LET,  1864,  p.  754. 
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quartz,  in  the  Museum  of  the  Grovemment  School  of  Mines, 
have  been  squeezed  by  enormous  pressure  against  each  oilier 
so  as  to  produce  mutual  flattening  and  indentation.  We  hare 
also  an  example  in  the  columns  of  the  House  of  Representa- 
tives, quarried  on  the  banks  of  the  Potomac,  where  the  calca- 
reous pebbles  appear  to  have  been  forced  by  pressure  one  into 
the  other.  Professor  Ramsay  described  the  pebbles  in  the 
Museum  of  the  Grovemment  School  of  Mines,  as  from  three  to 
nine  inches  in  diameter,  and  he  thought  that  the  indentations 
were  produced  by  wearing  or  the  rubbing  of  one  pebble 
against  another  while  imder  great  pressure,  and  perhaps  partfy 
by  the  aid  of  intervening  grains  of  sand.  Mr.  Sorby  regards 
the  interpenetration  or  impressment  of  pebbles  as  due  to  me- 
chanical and  chemical  agencies  combined,  and  cites  the  fact 
that  in  the  majority  of  substances  mechanical  pressure  in- 
creases their  solubility. 

Such  explanations  are  not  satisfactory  for  the  Arizona  con- 
glomerate. Mechanical  pressure  and  tension  alone  appears  to 
me  to  have  accomplished  the  result.  This  also  appears  to  me 
to  be  the  most  satisfactory  explanation  of  all  other  examples 
that  I  have  seen.  There  does  not  appear  to  have  been  aoy 
solution,  or  at  any  rate  not  suflicient  to  affect  the  form  and  sur- 
face of  the  original  pebbles.  The  Arizona  pebbles  are  almost 
as  clean  and  smooth  as  if  just  out  of  the  bed  of  the  brook. 
They  separate  readily  fh>m  the  lamellar  part  of  the  ro<^ 
They  are  not  cemented  to  it  as  would  probably  be  the  case  if 
they  had  either  been  softened  by  great  heat  or  partly  dissolved 
or  acted  upon  chemically.  So  also  in  the  case  of  the  large 
masses  of  rock,  the  outlines  of  the  small  pebbles  do  not  be- 
come obliterated  although  the  form  is  so  much  changed  that 
they  can  hardly  be  recognized  as  having  been  originally  in 
the  form  of  pebbles. 

In  these  phenomena  we  see  how  a  rock  which  w&s  originally 
granular  and  made  up  of  pebbles  may  become  entirely  changed 
in  structure.  Deposited  as  a  conglomerate  it  may  become  a 
lamellar  slaty  mass  extended  in  one  direction  to  twice  its 
former  linear  dimensions.  It  will  split  up  or  cleave  easily  in 
one  direction  and  not  in  another,  and  will  weather  unequally 
as  we  find  in  the  sharp  outcrops  of  gravestone  slates  of 
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CaUfomia.  The  same  elongating  and  compressing  forces  ap- 
plied to  finer  sediments  must  of  necessity  greatly  modify  their 
structure  and  cleavage,  but  the  change  of  texture,  owing  to 
the  fineness  of  the  partioles,  does  not  become  visible  to  the  eye. 
By  the  carefhl  study  of  these  phenomena  of  plasticity  new 
views  are  opened  to  us  of  the  structure  of  great  rock-masses ; 
of  the  phenomena  of  plication,  of  lamination  and  of  the  origin 
of  some  structural  peculiarities  of  mineral  vei^is  and  their  in- 
closing walls.  In  view  of  all  the  facts  I  think  that  geologists 
should  be  more  willing  to  admit  that  very  great  changes  have 
been  produced  in  the  structure  of  rocks  and  rock-masses  by 
simple  mechanical  force  unaided  by  any  great  elevation  of 
temperature  or  by  extraordinary  chemical  agencies. 


5.  On  Some  Recent  Geological  Changes  in  North-eastebn 
Wisconsin.    By  G.  R.  Stuntz  of  Lancaster,  Wis. 

[Commuiiloated  oigimUy,  March  12, 1854.] 

This  is  the  second  season  I  have  spent  in  this  new  and  but 
partially  explored  region.  In  the  summer  of  1852, 1  arrived 
on  this  part  of  the  lake,  with  a  party  of  twelve  men,  for 
the  purpose  of  extending  the  Surveys  of  the  United  States 
bordering  upon  the  south-west  coast :  and,  also,  of  running 
the  boundary  line  between  the  State  of  Wisconsin  and  the 
territory  of  Minnesota.  Since  the  completion  of  those  works 
I  have  been  voyaging  in  all  directions  through  this  cduntry 
and  between  the  lake  and  the  Mississippi  River.  The  peculi- 
arities of  this  lake  are  ftiUy  described  by  Foster,  Whitney  and 
Dr.  Owen,  in  reference  to  tides,  in  their  able  geological  re- 
ports ;  also  to  a  change  of  water-level  in  the  lake.  I  would  here 
state  that  since  my  arrival  at  the  mouth  of  the  St.  Louis  River, 
in  July  1852,  the  water  of  the  lake  had  fallen,  and  was  on  the 
first  of  November,  1853,  twenty  inches  lower.  This  is  proba- 
bly the  periodical  change  of  level.  There  is  another  change 
of  level  apparent,  which  I  do  not  recollect  having  seen  noticed 
in  any  report.  That  is  the  gradual  rise  of  water  at  this  end 
of  the  lake,  and  the  falling  of  the  same  at  the  east. 
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The  mill  race  at  the  falls  of  the  Ste.  Marie  River,  only  a  few 
years  since,  was  used  by  good  sized  Mackinac  boats  as  a  canal 
in  making  the  portage  around  those  dangerous  Rapids.  In  the 
summers  of  1852  and  1853,  this  mill  race  was  entirely  dry, 
which  fact  is  referred  to  by  J.  W.  Foster  in  his  able  report. 
The  wearing  away  of  the  channel,  upon  a  hasty  view  of  the 
subject,  would  be  the  natural  conclusion,  but  the  facts  do  not 
warrant  it.  Should  the  tributaries  that  pour  an  unceasing  tide 
be  cut  off,  except  enough  to  counteract  evaporation,  and  should 
the  river  Ste.  Marie  continue  to  discharge  the  same  volume  as 
at  present,  which  is  about  one  billion,  eight  hundred  and  forty- 
eight  million,  three  hundred  and  twelve  thousand  cubic  yards 
per  year ;  and  should  Lake  Superior  be  allowed  to  contain 
thirty-two  thousand  square  miles,  it  would  take  over  fifty-three 
and  a  half  years  for  the  lake  to  fall  one  yard,  which  is  about 
the  original  depth  of  the  mill  race  before  referred  to;  and 
this  is  a  much  longer  period  of  time  than  has  transpire  since 
that  race  was  used  for  the  purposes  before  mentioned. 

The  small  stream  at  Pindell's  mill,  a  few  miles  above  Ja- 
quois  Point,  runs  with  a  rapid  current  to  the  lake,  having  no 
marshes,  and  not  widening  nor  giving  any  indications  that  its 
valley  is  overflowing  by  the  lake  setting  back  into  it,  but  on 
the  contraiy  the  formation  of  sand  about  the  mouth  indicates 
a  gradual  receding  of  the  waters  of  the  lake.  As  you  go 
westward,  the  Ontonagon  River  exhibits  a  slight  filling  up. 
The  valley  near  the  mouth  shows  that  at  the  time  it  was  exca- 
vated the  surface  of  the  lake  was  lower  than  at  present.  The 
same  is  also  apparent  at  the  mouth  of  Bad  River  still  farther 
west. 

At  the  mouth  of  Bois  Brul6  the  same  thing  is  exhibited,  only 
to  a  greater  extent.  From  this  to  the  west  end  of  the  lake 
not  only  does  the  lake  set  back  into  the  valleys  of  the  streams, 
but  the  waters  are  making  rapid  encroachments  on  the  banks. 
So  rapidly  is  the  filling  back,  that  the  deposits  of  the  streams 
do  not  keep  pace  with  the  filling  up.  The  consequence  is, 
that  there  is  a  large  marsh  and  pond  in  the  mouth  of  the  valley 
of  Bois  Brul^  and  Aminecan  River.  But  nowhere  is  this  filling 
up  more  apparent  than  in  the  bay  above  the  mouth  of  the  St. 
Louis  River.    In  several  parts  submerged  stumps,  several  feet 
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below  the  present  water  level,  are  found.    The  numerous  inlets 
surrounding  the  main  bay,  when  we  consider  the  nature  of  the 
soil  and  the  formation  (a  tough  red  clay),  in  all  of  which  the 
water  is  deep,  could  not  have  been  excavated  in  the  natural 
course  of  events  with  the  water  at  its  present  level.    The  tes- 
timony of  the  Indians  also  goes  to  strengthen  the  same  conclu- 
sions.   At  the  time  of  running  the  state  line  above  mentioned, 
the  Indians,  ever  jealous  of  their  rights,  called  me  to  a  council 
to  inquire  why  I  run  the  line  through  Indian  land.    In  the  ex- 
planation, I  gave,  using  the  language  of  the  law  as  a  starting 
point,  the  lowest  rapid  in  the  St.  Louis  River.    The  chief  im- 
mediately replied,  that  formerly  there  was  a  rapid  nearly  oppo- 
site the  Indian  village.     Start,  said  he,  from  that  place  and 
you  will  be  near  the  treaty  line.    After  he  had  been  farther 
questioned  I  learned  that  it  was  only  a  few  years  since  the  river 
was  quite  rapid  at  the  Indian  village.    At  the  time  the  said 
line  was  run  the  first  rapid  was  about  one  mile  by  the  stream 
above  the  village.     From  these  facts,  I  conclude  that  a  change 
is  taking  place  gradually  in  the  level  of  this  great  valley. 
This  change  may  lead  in  time  to  as  important  results  in 
changing  the  geography  of  the  country  as  have  taken  place 
within  a  comparatively  shoi-t  period  of  time  in  the  valley  of 
the  St.  Croix.    The  St.  Croix  Valley  is  about  forty  miles  in 
diameter  north  and  south,  and  about  one  hundred,  or  one  hun- 
dred and  twenty  miles,  east  and  west,  surrounded,  or  nearly  so, 
by  ranges  of  trap  hills,  which  attain  nearly  a  uniform  height  of 
six  hundred  feet.    These  time  enduring  barriers  withstood  the 
warring  of  the  elements  until  within  a  few  centuries  past,  when 
some  change,  probably  not  unlike  the  above,  assisted  them  in 
breaking  away  at  the  falls  of  that  river,  discharging  a  volume 
of  water  through  that  narrow  gorge,  which  in  its  native  se- 
renity, crystal  purity,  and  quantity,  would  vie  with  any  of  the 
great  sisterhood  of  lakes.    But  it  has  gone  foaming  and  tum- 
bling to  the  Gulf  of  Mexico,  and  we  can  only  read  traces  of 
its  onward  flight  in  the  numerous  terraces  along  the  river 
banks  below,  and  the  excavation  of  Lake  St.  Croix  and  Lake 
Pepin,  and  the  piling  of  ten*aces  along  the  father  of  waters  as 
low  down  as  the  mouth  of  the  Missouri. 
In  the  valley  above  the  falls  you  find,  what  you  would  expect 
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to  find,  after  the  lapse  of  a  few  hundred  years  should  any  con- 
ynlsion  of  nature  change  the  valley  of  any  of  the  great  lakes 
to  dry  land,  extensive  sand  planes,  slightly  timhered  with 
stunted  pines.  There  are  exceptions,  it  is  true,  bnt  the  line  of 
demarkation  is  as  plain  as  though  the  event  of  draining  took 
place  only  last  year.  What  is  called  Wood  Lake  timher,  is  a 
narrow  belt  of  elevated  timber  land,  extending  firom  the  south- 
east side  of  the  valley  towards  and  nearly  to  the  mouth  of 
Kettle  River.  This  ridge,  having  a  good  soil  of  clay  and  loam 
resting  on  a  sub-soil  of  sand  and  gravel,  from  its  elevation  must 
have  been  drained  at  a  much  earlier  day  than  the  balance  of 
the  valley. 

On  all  the  streams,  so  far  as  I  have  examined,  these  appear- 
ances are  the  same.  Standing  at  a  point  a  few  miles  to  the 
north-east  of  the  mouth  of  Wood  River,  you  are  near  the  cen- 
tre of  a  system  of  rivers  coming  from  all  the  points  of  the 
compass,  except  the  great  outlet  on  the  south.  Upper  St.  Croix 
on  the  north-east,  Namekagon  on  the  east.  Yellow  River,  Clam 
River  and  Wood  River  from  the  south-east,  the  first  of  these 
last  three  flowing  through  a  chain  of  lakes  of  some  twenty 
miles  in  extent,  containing  white  fish  in  abundance.  On  the 
south-west  come  in  Sunrise  River  and  one  or  two  smaller 
streams,  from  the  west  Snake  River,  and  from  the  north-west 
and  north  Kettle  River  and  several  smaller  streams.  These 
streams ;  flowing  from  the  high  rocky  barrier  before  spoken  of, 
present  a  variety  of  scenery  and  a  variety  of  soil  alike  inter- 
esting and  valuable. 

In  connection,  it  might  not  be  out  of  place  to  remark  that 
other  facts  present  themselves  to  the  mind  of  the  student  of 
nature,  intimately  connected  with  the  above.. 

Throughout  the  great  valley  of  the  Mississippi  and  border- 
ing upon  many  of  the  great  lakes  are  found  mounds  and 
tumuli,  evidently  the  work  of  men's  hands: — the  labor  of  » 
race  long  since  passed  to  oblivion,  except  as  yet  this  singte 
trace  of  their  existence.  That  they  were  a  numerous  nuje 
these  mounds  plainly  indicate.  That  they  were  skilled  to 
some  extent  in  the  arts,  their  mining  operations  at  Ontonagon 
on  this  lake,  near  the  Minnesota  Mining  Co.'s  works,  plaiiily 
prove.    That  they  were  the  same  people  that  inhabited  the 


GEOLOQT  AHD  PALEONTOLOGY.  209 

Mississippi  Valley,  the  various  implements  would  also  indicate. 
I  have  in  mj  possession  a  stone  hammer  which  I  found  at  the 
ancient  copper  diggings  near  Ontonagon,  and  I  have  seen  sim- 
ilar ones  obtained  in  the  vicinity  of  ancient  mounds  at  Bock 
Island,  Illinois. 

This  people,  whoever  they  were,  occupied  or  built  their 
mounds,  for  whatever  purpose  they  were  erected,  upon  the  finest 
sites  the  country  afforded.  You  will  find  them  on  the  finest 
situations  for  building  along  the  great  rivers,  and  on  elevated 
localities  commanding  the  finest  views  of  the  surroimding 
country.  This  is  particularly  remarked  by  every  traveller  on 
the  Upper  Mississippi,  and  the  St.  Croix  below  the  falls. 

As  you  ascend  this  last  mentioned  stream,  a  short  distance 
above  Moriere,  you  find  several  unusually  large  mounds  in  a 
small  plain,  elevated  some  sixty,  perhaps  one  hundred  feet, 
above  the  river.  Thence  following  the  river  you  pass  the  rocky 
gorge  or  Dalles  and  enter  the  valley  of  St.  Croix  above  the 
falls.  The  same  beautiful  river  rolls  at  your  feet,  and  in  going 
up  a  succession  of  banks,  grassy  slopes  greet  your  sight ;  but 
the  mounds  are  not  there,  and,  for  the  distance  of  seventy- 
five  miles  by  the  stream,  I  have  looked  in  vain  for  these  relics 
of  that  obliterated  people. 

At  the  mouth  of  Yellow  River  they  are  again  found,  occu- 
pying, as  before,  the  most  beautifUl  sites  the  locality  affords, 
and  at  an  elevation  nearly  equal  to  the  southern  rim  of  the 
basin.  From  this  point  nearly  in  a  straight  line  and  lying  in- 
termediate with  the  falls  of  St.  Croix,  are  situated  Yellow 
Lake,  Clam  Lake  and  Wood  Lake,  all  occupying  elevations 
nearly  equal  to  the  rocky  barrier;  over  which  the  waters  were 
formerly  discharged  at  the  falls  before  mentioned.  At  each  of 
the  two  last  mentioned  lakes  a  single  mound  of  the  same  de- 
scription occupies  a  prominent  place  in  the  delightfhl  scenery 
of  the  lake.  At  Yellow  Lake,  the  most  attractive  of  the  three, 
they  are  found  in  great  niunbers,  extending  down  the  river 
several  miles,  but  in  every  instance  occupying  the  highest  ele- 
vations. In  my  examinations  on  two  trips  through  this  an- 
cient lake-bed,  I  have  failed  to  find  any  mounds  on  lower  situ- 
ations than  those  above  described. 
Then  if  this  view  should  not  be  proved  incorrect,  we  have 
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one  geological  event  coupled  with  the  operations  of  this  an- 
cient people.  And  we  cannot  avoid  coming  to  the  oonclnaioii 
that  these  mounds  were  built  prior  to  the  wearing  away  or 
breaking  down  of  the  falls  of  St.  Croix,  and  that  the  trip 
from  the  Mississippi  to  Lake  Superior  was  one  of  ease  and 
pleasure  compared  with  the  journey  of  the  present  day  through 
almost  impenetrable  forests.  I  hope  some  one  better  pre- 
pared to  carry  out  and  systematize  a  series  of  observations 
may  profit  by  the  above. 


6.  The  Gems  op  the  United  States.    By  Dr.  A.  C.  Hamloi, 

of  Bangor,  Maine. 

WrrH  the  exception  of  the  emerald,  all  of  the  gems  in  more 
or  less  perfection  are  found  within  the  limits  of  the  United 
States.  The  diamond  has  been  discovered  in  California,  among 
the  Rocky  Mountains  and  along  the  gold  belt  which  extends 
from  Central  Alabama  through  the  Atlantic  States  to  Mary- 
land. In  Alabama,  Greorgia  and  the  Carolinas  the  itacolumite, 
which  has  been  regarded  as  the  matrix  of  the  diamond  in  the 
Urals,  Brazil  and  Hindostan,  appears  in  extended  ledges,  and 
even  rises  to  the  magnitude  of  moimtains.  In  1866,  while  ex- 
ploring the  auriferous  regions  of  Alabama  and  Greorgia,  I 
recognized  this  rock  in  many  places,  especially  near  Gainsville, 
where  it  crops  out  in  great  ledges. 

Diamonds  have  been  found  along  the  course  of  the  itacol- 
umite, especially  near  Gainsville  and  farther  to  the  north-east, 
at  the  Glade  and  Horshaw  gold  mines.  Some  of  these  stones 
were  of  several  carats  weight  and  of  fine  water.  One  of  these 
which  had  been  polished  in  London  was  shown  to  me  at  Gains- 
ville, and  it  is  a  gem  of  the  purest  water.  From  information 
obtained  from  the  residents  of  these  regions  and  from  personal 
examination  of  the  localities,  I  have  but  little  doubt  that  ac- 
tive research  with  the  application  of  skilled  labor  [for  the 
diamond  is  not  easily  recognized  in  its  rough  state],  will  bring 
to  light  many  fine  stones.  A  splendid  stone  was  destroyed  by 
the  stupidity  of  the  laborers  at  the  Horshaw  mines  a  few  years 
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ago.     A  beantiftil  gem  of  24  carats  was  found  in  1856,  near  . 
Richmond,  Va. 

The  garnet  is  found  in  many  of  the  States,  and  of  sufficient 
purity  for  the  purposes  of  the  lapidary.  At  Fitchburg,  in 
Massachusetts,  beautiful  little  pyropes  are  found  in  the  alluvial 
sands.  In  Delaware  County,  Pennsylvania,  pyi*opes  of  larger 
size,  but  of  less  beauty  of  color,  are  also  washed  out  of  the 
alluvial  soils.  All  along  the  Rocky  Mountain  slope  clear  gar- 
nets have  been  observed.  In  the  sands  of  New  Mexico  the 
Indians  find  garnets  of  considerable  size  and  equal  to  the  best 
of  the  Syrian  stones,  exhibiting  the  crimson  and  violets  tints 
of  the  oriental  garnets.  At  Pike's  Peak,  in  Colorado,  garnets 
of  less  size,  but  of  even  finer  tints,  are  washed  out  of  the 
gravel  beds  by  the  gold  miners.  These  are  the  finest  of 
the  species  in  America,  and  with  the  exception  of  the  rubel- 
lite,  they  approach  in  color  nearer  the  ruby  than  any  other 
stone.  Beautiful  cinnamon  garnets  occur  at  Phippsburg  and 
Parsonfield,  Me.,  Warren,  N.  H.,  and  in  many  other  places 
in  the  States,  but  they  are  rarely  sufficiently  perfect  for 
ornaments. 

Chrysoberyl  is  found  at  Haddam,  Ct.,  in  New  York,  Ver- 
mont and  in  Maine,  but  few  transparent  crystals  have  yet  been 
discovered.  Spinel  occurs  in  New  York  and  New  Jersey,  but 
the  crystals  are  generally  opaque.  Zircon  is  widely  distributed 
in  the  States,  generally  massive  and  opaque.  The  finest  crys- 
tals come  from  Buncombe  County,  North  Carolina.  The 
iolite,  known  as  the  sapphire  d'eau  of  Ceylon,  has  been  found 
.at  Haddam,  Conn.,  and  in  other  places  in  New  England,  but 
fine  specimens  are  quite  rare.  It  is  often  pleochroic,  exhibit- 
ing different  colors  when  viewed  in  diflferent  directions.  The 
topaz  occurs  at  Trumbull  and  Middleton,  Conn.,  and  in  North 
Carolina,  but  the  colors  are  generally  very  faint,  and  transpa- 
rent specimens  too  small  for  the  purposes  of  the  lapidary. 
The  amethyst  is  found  in  rare  perfection  in  various  parts  of 
the  United  States.  Oxford  County,  in  Maine,  Berlin  Falls,  in 
New  Hampshire,  and  Bristol,  R.  I.,  ftumish  beautif\il  speci- 
mens. Fine  stones  are  found  in  Delaware  County,  Pa.,  and  at 
Eewanan  Point,  Lake  Superior,  but  they  are  more  plentiftd  in 
Greorgia  than  in  any  other  State.    Several  varieties  of  opal 
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are  found  in  the  United  States,  but  none  of  good  quality  like 
the  precious  and  fine  opals  of  Mexico. 

Sapphires  are  found  in  several  of  the  States ;  at  the  Chester 
emery  mine  in  Massachusetts,  in  New  Jersey,  in  Connecticot, 
New  York,  California,  Pennsylyania  and  North  Carolina,  but 
they  are  generally  massive  and  opaque.  At  El  Dorado  Bar,  in 
Montana,  however,  they  occur  in  transparent  and  well  defined 
crystals  of  six-sided  prisms  and  also  in  the  amorphous  form  in 
the  alluvial  sand,  together  with  native  gold.  Crystals  of  sev- 
eral carats  weight  have  been  picked  up  out  of  the  pan,  where 
they  have  settled  down  in  consequence  of  their  gravity  during 
the  process  of  washing  the  gravel  for  gold.  Sapphires  of  al- 
most all  colors  have  been  found  there,  the  red,  green,  blue,  yel- 
low and  white,  and  some  of  them  are  of  considerable  value- 
They  resist  the  action  of  the  fire  and  do  not  change  color  when 
exposed  to  the  strongest  heat  of  the  forge.  No  systematic 
search  has  been  made  for  these  precious  stones  at  this  locality, 
although  they  seem  to  occur  in  abundance.  The  gold  washings 
of  this  Bar  are  now  abandoned. 

The  beryl — the  subspecies  of  the  emerald — occurs  in  many 
parts  of  the  United  States.  It  has  been  found  in  great  perfec- 
tion in  the  granite  hills  of  Oxford  County,  in  the  State  of 
Maine,  and  more  especially  in  the  ledge  at  Boyalston  and 
Fitchburg,  in  Massachusetts.  In  gash  veins  of  quartz,  occur- 
ring in  granite  in  North  and  South  Boyalston,  beautif\il  crys- 
tals of  this  gem  have  been  discovered,  some  of  them  exhibiting 
the  longitudinal  strise  and  the  aberration  of  colors  which  dis- 
tinguish the  remarkable  beryls  of  the  Altai  Mountains  in 
Siberia.  Lively  sea  and  grass  green,  light  and  deep  yellow ; 
also  blue  crystals  of  various  shades  have  been  found  at  this 
locality.  At  the  quarries  at  Fitchburg,  beryl  of  a  rich  golden 
hue,  approaching  the  chrysoberyl  and  topaz  in  color  and  hard- 
ness, and  closely  resembling  the  yellow  diamond  in  lustre,  have 
been  blasted  out.  All  the  deposits  where  the  beryl  occurs 
seem  to  be  very  superficial,  and  at  Boyalston  and  Fitchburg 
the  crystals  appear  to  arise  from  the  felspar,  becoming  clearer 
and  more  perfect  as  they  penetrate  the  quartz.  All  of  the 
crystals  found  during  my  explorations  at  these  localities  were 
thus  connected  with  the  felspar.    This  rule,  however,  was  not 
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observed  at  Mount  Mica,  where  all  the  beryls  were  generally 
enveloped  in  quartz  or  albite,  and  unattached  unless  to  crystals 
of  muscovite. 

Touimalines  of  great  perfection  and  variety  of  colors  have 
been  found  at  Mount  Mica,  in  the  State  of  Maine.  This  little 
bill — which  is  perhaps  one  of  the  most  remarkable  mineral  lo- 
calities on  the  globe,  since  nearly  forty  varieties  have  been 
found  there  within  an  area  of  thirty  feet  square — is  one  of 
northern  spurs  of  streaked  mountain  in  the  town  of  Paris,  in 
Oxford  County.  The  mineral  deposit  was  discovered  in  1820, 
by  Hon.  E.  L.  Hamlin  and  Dr.  Ezekiel  Holmes  when  students, 
and  whilst  searching  for  minerals.  At  that  time  about  forty 
crystals  of  tourmaline,  some  of  which  were  quite  perfect  in 
form,  of  fine  color  and  limpidity,  were  picked  up  on  top  of  the 
ledge,  or  found  in  the  earth  which  had  accumulated  around  its 
base.  Since  this  period  the  place  has  been  visited  by  mineralo- 
gists from  time  to  time  and  the  entire  deposit  blasted  out. 

Some  magnificent  crystals  of  rare  perfection  of  form  and  of 
beautiful  colors  have  been  found  there.  Some  of  these  crystals 
"v^ere  several  ounces  in  weight,  several  inches  in  length  and 
more  than  an  inch  in  diameter.  Some  were  red  at  one  ex- 
tremity and  green  at  the  other.  Others  were  red  within  and 
green  at  the  circumference.  Superb  stones  of  this  description 
and  arrangement  of  colors,  but  of  less  size,  have  also  been 
discovered  there,  and  they  called  forth  the  remark  from  the 
elder  Silliman  that  they  were  incomparably  fine  and  without  a 
parallel  in  the  world.  Nearly  all  the  varieties  of  this  remark- 
able gem  have  been  found  at  Mount  Mica, — the  clear  light 
green,  like  those  from  the  dolomites  of  St.  Gothard,  the  pink 
of  Elba,  the  white  and  yellow  of  Ceylon,  the  dark  smoky  green 
and  blue  of  Brazil,  the  lighter  blue  of  Sweden,  and  the  fine 
red  and  green  of  Siberia.  In  some  of  the  crystals  the  red 
passes  into  blue,  and  the  blue  into  black  or  into  green ;  in 
others  the  white  changes  into  red,  green  or  blue,  exhibiting 
many  intermediate  shades.  Generally  the  transitions  and  gra- 
dations of  color  are  imperceptible  as  they  pass  from  one  into 
the  other,  but  in  some  crystals  the  line  of  demarkation  is  well 
defined. 

The  tourmalines  of  Mount  Mica  occur  in  a  coarse  granite 
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resting  upon  mica  schist,  and  were  probably  deposited  from 
above  and  from  solution.  The  granite  appears  in  layers,  and 
the  tourmaline  streak  penetrates  across  and  throagh  themnitib- 
out  any  reference  to  seam.  Coarse  and  opaque  ciystalB  of  sev- 
eral inches  in  diameter  and  nearly  a  foot  in  length,  are  found  in 
the  albite  and  masses  of  quartz,  but  all  the  fine  and  transparent 
prisms  have  been  found  in  cavities  whose  walls  were  composed 
of  smoky  quartz  and  albite.  In  these  cavities  (which  have  been 
found  of  a  size  varying  ifrom  few  inches  to  several  feet  in 
length,)  the  tourmalines  appear  either  loose  in  the  disint^rar 
ted  cookeite  or  arising  frt>m  the  interior  walls  and  sometimes 
penetrating  crystals  of  the  matrix.  A  few  feet  below  the  sur- 
face the  tourmaline  streak  disappears  and  the  wallB  show 
quartz,  albite  or  granite  destitute  of  other  minerals.  This 
superficial  degree  of  deposit  is  not  confined  to  the  tourmaline 
alone  but  is  noticed  with  most  of  the  other  gems. 

The  sapphire,  diamond  and  emerald  are  found  near  the  sur- 
face, and  this  rule  is  well  exemplified  in  the  occurrence  of  tiie 
amethyst  in  the  mines  along  the  Rocky  Mountain  slope,  where 
it  vanishes  at  the  depth  of  ten  to  twenty  feet,  although  the 
quartz  crystallizes  in  a  colorless  state  even  at  the  great  depth 
of  six  hundred  feet  below  the  surface.  It  seems  as  though  the 
gems  required  some  ray  of  light  or  some  effect  of  the  atmos- 
phere to  build  up  their  forms  and  perfect  their  hues.  Althou^ 
it  is  a  conmion  belief  that  tourmalines  are  of  inferior  value, 
they  are  not  really  so,  and  they  should  take  a  high  rank  among 
the  first  of  the  gems.  For  none  exceed  them  in  the  phenomena 
of  physical  properties,  or  in  complexity  of  composition,  or  in 
the  vast  range  of  their  colors ;  and  their  hardness  is  quite 
equal  to  the  emerald,  which  they  surpass  in  refractive  powers, 
whilst  their  dispersive  energy  exceeds  even  that  of  the  sap- 
phire and  topaz. 

There  are  many  localities  in  the  world  where  this  stone  is 
found,  but  fine  specimens  are  rare,  and  when  they  are  limpici 
and  approach  the  emerald,  the  topaz  and  the  sapphire  in  hue, 
they  are  sold  for  those  gems.  The  red  tourmaline,  the  rarest 
of  all  gems,  when  free  from  faults  and  of  fine  colors,  accord- 
ing to  the  eminent  authority  of  Professor  Beudant  of  Paris,  ib 
sold  at  the  price  of  the  ruby,  the  most  costly  of  all  the  gems. 
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The  finest  specimens  of  the  tourmaline  species  known  in  the 
world  have  been  taken  from  the  now  exhausted  locality  at 
Mount  Mica.  Some  beautiful  crystals  of  splendid  color  have 
been  fotmd  in  loose  boulders  at  Hebron,  Maine,  but  the  parent 
ledge  has  not  yet  been  discovered.  There  are  other  localities 
in  the  UmteU  States  where  these  stones  occur,  but  they  are 
opaque  or  of  very  poor  color  and  imperfect  crystallization. 

There  is  no  gem,  not  even  the  sapphire,  which  surpasses  the 
tourmaline  in  variety  of  color,  and  as  Barbot  has  remarked, 
''  it  seems  as  if  nature  had  wished  to  prove  to  man  that  she 
could  imitate  quite  perfectly  that  which  she  had  created  the 
most  perfect." 

The  Spaniards,  under  Cortez,  whilst  on  their  march  to  the 
capital  of  Mexico  were  astonished  at  the  size  and  beauty  of 
the  emeralds  and  turquoises  that  decorated  the  persons  of  the 
chiefs  who  came  to  join  them  as  allies  or  visit  them  as  envoys 
fi'om  Montezuma.  And  after  the  conquest  of  the  country  they 
sought  in  vain  for  the  mines  whence  these  emeralds  and  tur- 
quoises came.  The  emeralds  undoubtedly  came  from  Central 
and  South  America,  and  were  brought  overland  or  along  the 
coast  as  an  article  of  trade,  since  they  have  not  been  found 
anywhere  in  the  United  States  or  Mexico. 

The  turquoise,  the  Mexicans  said  (in  reply  to  the  question  of 
the  Spaniards),  came  from  the  far  north,  but  the  mines  were  not 
discovered  until  recent  times.  The  histories  of  the  Spanish 
occupation  of  Mexico  make  no  mention  of  these  mines — at 
least  so  far  as  I  am  acquainted  with  them.  A  mine  of  great 
antiquity  is  situated  in  the  Cerillos  Mountains,  eighteen  miles 
from  Santa  F6  in  New  Mexico.  The  deposit  occurs  in  soft 
trachyte,  and  an  immense  cavity  has  been  excavated  by  the 
Indians  in  past  times  whilst  searching  for  this  gem.  Within 
a  few  years  the  Navajo  Indians  have  revealed  the  existence  of 
a  mine  in  the  Sierra  Blanca  Mountains  in  New  Mexico,  but 
they  will  not  allow  strangers  to  visit  it.  Stones  of  transcen- 
dent beauty  have  been  taken  from  it  and  handed  down  in  the 
tribe  from  generation  to  generation  as  heirlooms. 

Nothing  tempts  the  cupidity  of  the  Indians  to  dispose  of 
these  gems,  and  gratitude  alone  causes  them  to  part  with  any 
of  these  treasures,  which,  like  the  mountaineers  of  Thibet, 
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they  regard  with  mystical  reverence.  The  Navajos  wear  them 
as  ear-drops,  by  boring  them  and  attaching  them  to  the  ear  by 
means  of  a  deer  sinew.  Lesser  stones  are  pierced,  then  strong 
on  sinews,  and  worn  as  necklaces.  Even  the  nobler  IJte  In- 
dians, when  stripping  the  ornaments  of  tarq[aoise  &om  the  ears 
of  the  conquered  Navajo,  value  them  as  sacred  treasures,  and 
refuse  to  part  with  them  even  for  gold  or  silver.  One  of  these 
magnificent  stones  was  presented  by  the  Navajo  chief  to 
Major-General  Carleton,  when  Governor  of  New  Mexico,  and 
it  may  be  taken  as  the  type  of  the  American  turquoises,  al- 
though there  are  larger  stones  in  possession  of  the  tribe. 
It  is  nearly  an  inch  in  length,  one-third  broad  and  one-fifth 
in  depth,  and  equal,  in  purity  and  delicacy  of  tint,  to  the 
best  of  the  Persian.  Other  mines  have  been  reported  as  occur- 
ring along  the  Rocky  Mountain  range,  but  I  have  not  been 
able  to  obtain  any  reliable  information  concerning  them. 


7.   Studies  in  Chemical  Geogont.*    In  thbee  pabts.    By 
Henrt  Wubtz,  of  New  York. 

INTBODDCTORT  BBMARKS. 

These  being  subjects  on  which  volumes  might  be  written, 
the  whole  must  needs  be  condensed,  on  such  an  occasion  as 
the  present,  into  a  few  brief  notes,  more  or  less  disconnected, 
as  I  fear ;  and  to  views  but  partially  expressed. 

I  have  long  held  that  the  principle  which  should  pervade  and 
strictly  govern  all  researches  into  the  chemical  conditions  prev- 
alent during  past  geological  time,  is  to  seek  out  the  great 
natural  chemical  operations  prevalent  at  this  day,  and  trace 
them  back  to  their  necessary  spring  and  beginnings. 

It  is  true  that  actual  laboratory  researches  into  the  char- 
acters and  composition  of  the  products  and  relics  we  possess 
of  those  far  distant  times,  are  as  yet  wofhlly  deficient,  and  be- 

*The  foUowing  series  of  notes  was  prepared  to  be  read  at  the  Chicago  meeting, 
in  1868,  and  the  titles  were  there  announced  in  the  pablished  lists;  but  as  the  au- 
thor was  not  able  to  be  present  then,  he  preferred  to  await  the  Salem  meeting.  ~ 
H.W. 
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fore  the  day  shall  come  when  the  riddles  of  the  past  shall  he 
read,  and  its  many  mysteries  unveiled,  in  the  light  of  perfect* 
theory,  mjrriads  of  laborious  researches,  both  analytical  and 
synthetical,  must  be  made ;  still  I  believe  that  enough  has  al- 
ready been  done  in  this  field  to  justify  some  attempts  at  gen- 
eralization. And  though  these  be  conceded  to  be  pure  hypoth- 
eses, still  the  history  of  science  establishes  the  value  of  such 
hypotheses,  as  starting  points,  in  stimulating  discussion  and  in 
suggesting  modes  and  subjects  of  experiment. 

I.   On  thx  Prozoio  Atmobfhsbb  and  thb  Ocean  of  the  Zoio  Dawn. 

It  cannot  be  doubted  that  it  was  during  the  time  of  the 
deposition  of  the  earliest  sediments  of  the  ocean,  which  are 
known  to  us  now  only  in  the  forms  of  compacted  and  crystal- 
lized metamorphic  masses,  that  life  began,  and  that  it  had  its 
b^innings  in  the  waters  of  the  ocean.  The  exterior  Ocean  of 
Atmosphere,  though  supporting  no  life  in  its  own  bosom  at 
first,  I  believe  to  have  been  then,  as  now,  most  intimately  and 
essentially  connected,  through  the  medium  of  the  waters,  with 
the  life  of  the  latter. 

I  shall  begin  by  saying  at  once,  and  concisely,  that  my  gen- 
eralizations have  led  me  inevitably  to  a  novel  conclusion,  which 
will  doubtless  startle  some ;  that  Life  was  at  the  outset,  has 
always  been,  and  always  must  be,  the  governing  influence  in 
all  chemical  changes  that  have  occurred  and  wUl  occur,  in  the 
air,  in  the  waters,  and  on  the  earth. 

[It  is  not  without  a  purpose  that  I  here  use  the  word  influx 
ence.  The  words /orc6  And  power  I  avoid,  in  laying  down  this 
principle,  for  reasons  which  I  shall  give  at  length  on  another 
occasion.] 

In  a  previous  paper  I  have  put  forth  the  proposition  that  at 
the  Zoic  Dawn  the  ocean  must  be  believed  to  have  been  wholly 
in  an  oxygenated  condition ;  that  is,  its  constituents  were  at 
their  maximum  of  oxidation.  What  then  was  the  condition  of 
the  atmosphere  corresponding  to  this?  Before  replying  to  this 
I  must  first  propound  another  question,  which  involves  an  ap- 
peal to  my  fundamental  doctrine  of  tracing  back  present 
changes  to  their  beginnings.  What,  then,  is  our  only  known 
source  of  oxygen  at  present?  Evidently  the  decomposition  of 
▲.▲.▲.  s.  VOL.  xvm.  S8 
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carbonic  acid  by  solar  force,  through  the  inflnence  of  plant- 
•  vitality ;  a  never-ceasing  agency  which  has  continued  to  in- 
crease the  proportion  of  oxygen  and  diminish  that  of  carbonic 
acid  in  the  air,  since  plants  began  to  grow  upon  the  earth,  and 
has  left  its  evidences  on  almost  every  leaf  of  the  Book  of  Ge- 
ological Ages. 

Considering  in  connection  with  these  facts  the  nature  of  oxy- 
gen, the  greediness  with  which  it  enters  into  combination  with 
other  bodies,  and  applying  the  doctrine  we  started  with,  of  folr 
lowing  backward  to  their  beginnings  all  such  changes  as  we 
find  in  progress,  I  am  led  to  lay  down,  as  the  primary  postu- 
late of  a  Zoic  Theory  of  Chemical  Geogony,  the  following: 
tlie  Prozoic  Atmosphere  contained  very  little  or  no  free  oaofgen^ 
probdbly  nxme  ;  hvt  consisted  esserUially  of  carbonic  add,  nitrogen 
and  aqueous  vapor. 

I  anticipate,  of  course,  a  host  of  objections  to  so  novel  a 
view.  One  is  that  although  plant-growth  be  independent 
thereof,  yet  germination  requires  ftee  os^gen.  Some  may 
even  maintain  the  assumption  that  plant-life  must  have  com- 
menced with  germs.*  To  this  speculative  objection  one  an- 
swer is,  why?  Another  answer,  probably  as  speculative,  how- 
ever, as  the  objection  itself;  it  is  far  from  inconceivable,  or 
even  improbable  that  in  a  liquid  medium  containing  such  oxi- 
dating agents  as  the  ferric  compounds,  the  modification  of 
eremacausis  thought  necessary  to  germination  may  have  pro- 
ceeded through  the  agency  of  these  compounds. 

Another  objection  may  be  that  our  present  plant-life  is  ac- 
companied by  intermittent  intervals  of  absorption  of  oxygen, 
during  absence  of  the  solar  ray.  But  in  any  case  the  vegeta- 
tive processes  of  the  day  we  treat  of,  were  in  a  measure  inde- 
pendent of  solar  heat  at  least,  if  not  of  solar  light  also ;  of 
which  the  proof,  even  as  late  as  the  Carboniferous,  is  admitted. 
To  the  objection  that  in  the  earliest  sediments  we  find  little 
organic,  or  even  carbonaceous  matter,  I  reply  that  (apart  from 
the  graphites  and  sulphides,  both  believed  organic  in  origin)  it 
is  easily  understood  that  while  life  might  withstand  the  ferric 

•Those  who  will  attach  its  dne  weight  to  the  Mosaic  Record  in  this  regard,  I 
may  remind  that  the  Oreatiye  Fiat  called  *'  the  herb  yielding  seed,  and  the  fraifr4zee 
yielding  fimit  after  his  kind,  whose  seed  is  in  itself,"  etc.  The  question  is  an 
ancient  one,  **  which  was  first,  the  hen  or  the  egg  ?" 
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compounds,  dead  organic  matter  would  quickly  be  burned  up 
thereby,  the  sulphides  having  indeed  resulted  from  this  very 
burning  process.  I  have  applied  the  same  principle  to  far 
later  times,  in  a  paper  presented  to  the  geological  section,  to 
explain  the  absence  of  fossils  in  the  American  Bed  Sand- 
stones. 

We  here  recognize  another,  and  by  no  means  a  minor  source 
of  oxygen,  namely,  from  the  original  oceanic  metallic  sul- 
phates, which  are  now  extant  as  sulphides,  having  given  up 
their  oxygen  to  the  atmosphere  by  this  indirect  process  of  re- 
duction by  dead  organic  matter.  I  may  add,  in  this  place,  that 
there  has  been  still  another,  and  a  quite  important  source  of 
oxygen,  fre^d  through  vital  influence ;  that  0  which  represents 
the  proportion  deficient  in  bituminous  coals  to  form  HO  with 
the  H.  This  represents  of  course  0  which  has  at  first  been 
merely  transferred  from  fi"  to  O,  but  as  the  00*,  once  formed, 
is  again  decomposed  and  its  0  set  free,  it  amounts  to  the 
same  thing. 

Certain  other  objections  to  my  views  have  been  ofTered  to  me 
firom  time  to  time  in  conference  and  correspondence.  With 
regard  to  my  induction  that  the  Ocean  of  the  Zoic  Dawn  con- 
tained ferric  constituents,  it  has  been  suggested  that  these 
would  have  been  poisonous  to  life.  This  ia  but  a  question  of 
degree,  that  is,  of  the  strength  of  the  solution.  I  claim  only 
that  the  metals  now  present  in  the  rocks  as  sulphides  were 
present  in  the  Prozoic  Ocean  as  sulphates.  The  solution,  in 
any  case,  could  not  have  been  a  concentrated  one.  Moreover, 
the  notion  that  ferric  solutions  are  inimical  to  fife,  particularly, 
in  its  lower  forms,  I  think  is  unsupported  by  evidence.  Fer- 
rous solutions  are  so,  without  doubt,  but  not  ferric.  It  has 
been  claimed  that  subaerial  action  of  carbonic  acid,  on  alkalic 
and  earthy  silicates,  would  introduce  into  the  ocean  enough  of 
bicarbonat^s  to  render  it  neutral,  or  even  alkaline,  and  to  pre- 
cipitate all  ferric  oxides  and  hydrates.  No  doubt  this  took 
place  locaUyj  and  the  iron  ore  beds  of  these  rocks  are  thus 
(and  I  believe  thus  only)  to  be  accounted  for.  We  have  thus 
actually  a  new  and  substantial  prop  to  my  theory.  Still  this 
is  a  question  of  timej  and  to  bring  the  whole  of  the  vast  ocean 
to  a  neutral  or  alkaline  condition,  must  have  required,  as  I  am 
convinced,  time  enough  for  the  deposition  of  the  whole  mass  of 
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the  Eozoic  schists,  if  not  of  a  portion  of  the  Palaeozoic.  I  find 
that  I  have  been  misapprehended,  in  that  I  have  been  supposed 
to  hold,  in  my  paper  on  Gold  Grenesis,  presented  to  this  Asso- 
ciation at  Boffalo,  in  1866,  that  gold  has  been  deposited  tram 
the  ocean  equally  in  all  geological  ages.  By  my  views,  it  can- 
not bat  be  that  the  oldest  sulphides  were  the  most  highly  aurif- 
erous, at  least  of  those  (if  any  such  there  be  still  in  existence) 
that  have  been  deposited  from  the  oceanic  menstruum  directly. 
It  is  Cfold  OoTicentration^  and  the  formation  of  gold  veins,  that 
I  claimed  has  occurred  throughout  all  time,  and  is  even  now 
going  on ;  and  going  on  by  virtue  of  the  same  agencies  that 
I  was  the  first  to  discover  in  1858,  the  alternate  formation, 
by  oxidation,  from  auriferous  pyrites,  of  ferric  solutipns  of  gold, 
and  their  reduction  to  ferrous  conditions  again,  by  farther  reac- 
tions with  unaltered  pyrites  or  with  organic  matter. 

My  farther  notes  on  this  branch  of  my  subject  must  be  cut 
very  short. 

From  the  above  it  will  be  seen  that  my  reasonings  have  led 
me  to  believe  that,  in  Prozoic  times,  all  the  oxygen  of  the  earth 
which  now  enters  into  the  processes  and  changes  going  on 
upon  its  surface,  all  the  potential  oxygen  of  the  earth  (so  to 
speak)  was  locked  up  in  combined  forms  and  divided  between 
the  earth's  hydrosphere  and  its  aerosphere ;  combined  chiefly 
with  iron  in  the  former  and  with  carbon  in  the  latter. 

I  would  next  present  the  proposition  that  substantially  all 
the  potential  chlorine  was  contained  in  the  Prozoic,  as  it  is  in 
the  present  Ocean ;  as  we  know  of  no  method  by  which  chlo- 
rine (not  probably  oceanic)  is  now  being  introduced  into  the 
Ocean.  As  to  sulphur  and  phosphorus^  it  is  not  certain  that 
these  two  were  aU  in  solution  in  the  original  Ocean,  as  the  fhn- 
damental  rocky  substratum  or  nucleus  of  the  earth's  crust 
being  even  at  this  time  unrecognized,  there  is  no  certainty 
that  it  did  not  contain  sulphides  and  phosphates  before  its  sub- 
aerial  erosion  began.  It  is  clear,  however,  that  most  of  the 
sulphur,  and  probably  of  the  phosphorus,  of  all  sedimentaiy 
rocks  was  in  the  earliest  Ocean,  in  acid  forms.  This  Ocean 
then  contained  not  less  combined  acids  than  ours. 

With  regard  now  to  the  metals  of  the  Prozoic  Ocean,  or  the 
bases  with  which  its  acids  were  combined ;  ferric  and  other 
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oxides  of  the  heavy  metals,  as  I  have  shown,  were  among 
these,  but  never,  of  course,  formed  more  than  a  minor  percent- 
age of  the  whole.    One  consideration  is  salient  here,  which  is 
insisted  on  by  Stebbt  Hunt,  and  scarce  admits  of  a  doubt, 
that  the  characteristic  constituent  of  our  Ocean,  sea^aalty  was 
originally  present  in  far  smaller  proportion  than  now,  and  that 
it  has  been,  at  least  in  great  part,  a  gradual  product  of  the  re- 
action of  other  preexistent  chlorides  with  the  carbonate  of 
soda  that  is  continually  carried  in  by  rivers.    It  is  thus  that 
the  carbonate  of  lime  of  sea  shells  is  supplied.    Carbonate  of 
potash  is  also  thus  carried  in,  but  the  potash  would  appear  to 
have  been  eliminated  again  in  insoluble  forms,  such  as  glatir 
conite;  while  we  know  no  provision  for  removal  of  the  soda. 
What  were    these   preexistent  chlorides?     Here  is  a  point 
where,  in  our  present  condition  of  knowledge,  there  can  be 
little  but  speculation ;  and  where  the  great  field  for  future  in- 
vestigation lies.     There  has  already  been  discussion  as  to  the 
questions  whether  chloride  of  aluminvm  was  present  or  not  (to 
the  affirmative  of  which  I  incline) :   whether  the  amounts  of 
the  chlorides  of  calcium,  and  magnesium,  or  either  of  them, 
were  much  greater  formerly  than  now  (of  which  I  should  incline 
to  maintain  the  negative)  ;  which  of  the  bases  of  the  latter  two 
chlorides  predominated  in  the  older  Ocean,  and  so  on.    Sterbt 
Hunt  at  one  time  made  the  suggestion  that  the  waters  of 
mineral  springs  from  Silurian  rocks,  largely  impregnated  with 
these  two  chlorides,  may  be  the  fossil  waters  of  the  Siluriau 
Ocean ;  but  it  seems  probable  rather  that  these  are  bitterns 
from  the  evaporations  of  enclosed  portions  of  this  Ocean. 
C.  A.  GoESSMANK,  in  a  paper  in  the  American  Journal  of  Set- 
ence,  July,   1867,  gives  us  a  comparison    between  Stebbt 
Hunt's  analysis  of  a  salt  spring*  and  his  own  of  a  Syracuse 
bittern,  which  has  ''practically  ceased  to  evaporate"  in  the 

open  air. 

(T.  S.  Hunt). 
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GrOESSMANN  argaes  that  this  resemblance  shows  the  proba- 
biUtj  that  such  mineral  waters  ^^  originate  fh)m  mother-liquors 
or  bitterns  of  the  saline  residue  of  marine  evaporation  of  the 
Silurian  age." 

In  the  same  paper,  GrOsssMAim,  afber  referring  to  the  yiews 
of  Kabsten,  upon  saline  springs,  as  pubUshed  by  him  in  1847, 
that  these  springs  originate  usually  from  rock-salt  of  PrimitiTe 
(volcanic)  origin,  and  are  modified  in  composition  by  subse- 
quent chemical  action  upon  strata  through  which  they  effect 
their  exudation ;  and  that  therefore  the  presence  of  chloride  of 
calcium,  with  other  compounds,  was  but  accidental,  says :  that 
the  presence  of  this  chloride  has  since  been  recognized  ^^as 
especially  characteristic  of  the  salt  deposits  of  ante-tertiary 
dates.  Consequently  these  have  been  considered  as  a  pro- 
duct of  the  constant  admixture  of  the  oceanic  waters  of  pre- 
ceding geological  periods ;  while  on  the  other  hand  its  absence 
in  our  present  Ocean  and  in  most  salt  deposits  of  a  more 
recent  date,  is  an  established  fact."  He  doubts  not  that  the 
composition  of  the  Ocean  has  changed  and  is  now  changing, 
yet  he  asserts  ^'  that  our  ideas  concerning  the  main  features  of 
the  Primitive  or  Silurian  Oceans  are  still  vague,  and  especially 
so  upon  this  point"  (t.  e,  the  presence  or  absence  of  chloride 
of  calcium). 

In  connection  with  these  questions,  it  has  occurred  to  me 
that  Ebelhen's  results  {Anriaiea  des  Mines  [4],  xii,  67)  may 
have  importance.  He  there  shows  that  in  the  alteration  and 
subaerial  erosion  of  trap,  five-sixths  of  the  lime,  while  not 
more  than  one-third  of  the  magnesia  and  but  half  the  alka- 
lies, are  lost.  It  is  to  be  remembered  that  in  our  present 
Ocean  the  total  Ume  is  but  about  one-third  of  the  total  mag- 
nesia. 

Deferring  for  the  present  some  views  of  my  own  upon  these 
points,  I  shall  close  this  chapter  with  a  brief  remark  upon  an- 
other important  element  entering  into  these  great  and  complex 
problems. 

To  a  superficial  observer  it  might  appear  that,  as  the  Ocean 
continually  receives  mineral  matter  in  solution,  and  continu- 
ally evaporates,  it  should  become  more  and  more  charged 
with  each  of  its  dissolved  constituents.    This  view,  however, 
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requires  great  modification,  and  here  we  find  one  of  the  grand- 
est illustrations  of  the  governing  influence  of  Life,  according 
to  my  proposition  at  the  outset  of  this  paper.  For  example, 
as  stated  above,  the  continuous  predominance  of  magnesia 
over  lime  in  our  present  Ocean,  notwithstanding  that  rivers 
constantly  pour  in  several  times  more  of  the  latter  than  of 
the  former.  Through  2k}ic  influence  numerous  other  impor- 
tant constituents  of  the  oceanic  waters  are  eliminated  and  con- 
verted into  permanently  solid  and  insoluble  forms,  and  thus 
constantly  removed,  in  many  cases  quite  as  fast  as  they  are 
supplied.  Among  these  may  be  mentioned  carbonic  actd,  sul- 
phur ^  phosphorus^  potash^  iron  and  silica, 

n.  Zoio  Histoby;  fsom  a  Chemical  Vtsw-Ponrr. 

This  chapter  of  the  memoir  relates  to  the  demonstration, 
illustration,  and  general  elucidation  of  my  proposition  of  the 
ruling  influence  of  Life  in  the  Chemical  History  of  Geological 
development.  The  subject  is  so  vast  that  I  have  judged  it 
proper  not  to  make  a  vain  attempt  to  condense  it  into  a  com- 
pass appropriate  to  the  present  occasion.  Dana  purposely 
omits  this  and  its  related  subjects  from  his  great  work,  on  ac- 
count of  the  ^'  large  amount  of  space''  that  would  be  required 
(Dana's  Geology,  p.  604). 

I  will  but  say  that  the  general  scope  of  my  attempt  is  to 
show  that  a  consistent  theoretical  scheme  of  Zoic  develop- 
ment, including  the  hreaiks  in  Zoic  history,  and  other  readings 
of  the  geologic  revelation,  may  be  based  on  the  study  of  the 
progressive  (direct  and  indirect)  influences  of  Life  itself  on 
the  elements  of  the  Earth,  and  on  the  forces  that  move  and 
transform  them.  I  claim  that  we  have  here  an  almost  new  and 
unexplored  fleld  of  investigation,  the  working  of  which  is  to 
yield  us  results  quite  as  positive,  valuable,  and  wonderM  as 
those  of  the  study  of  fossils,  and  that  the  two  studies  will 
be  found  supplementary  and  altogether  essential  to  each  other. 
I  start  of  course  with  my  primary  postulate,  offered  in  the  pre- 
ceding chapter,  that  Life  found  the  Earth  in  a  condition  of 
completed  combustion,  and  that  it  has  been  the  sole  Oxygen- 
Maker,  and  Deoxidizer.  Herein  Life  has  done  no  worh^  it  has 
but  directed  or  governed  the  working  forces  of  the  Solar  Em- 
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anation,  in  reversing  the  opposing  inflaenoes  of  chemical  affin- 
ity. It  is  a  master,  not  a  laborer.  In  my  philosophy  I  regard 
neither  vitality  nor  afilnit}'  as  forces  capable  of  transforming 
matter.  They  are  both  rolers  of  the  forces  that  transform  mat- 
ter. Their  reigns  are  antagonistic  and  alternating  with  eadi 
other.    This  is  a  subject  which  I  propose  to  treat  elsewhere. 

In  gradually  impregnating  the  atmosphere  with  active  oxy- 
gen, Life  has  profoundly  altered,  in  an  infinity  of  ways,  the 
whole  chemical  status  of  the  earth's  crust,  and,  moreover,  by 
substitution  of  oxygen  for  the  preexisting  carbonic  acid,  the 
weight  and  density  (though  not  the  volume)  and  a  multitude 
of  other  physical  conditions  of  the  atmosphere,  have  been 
changed. 

As  examples,  I  shall  select,  almost  at  random,  one  or  two  of 
the  striking  geological  views  which  grow  out  of  such  chemi- 
cal considerations.  As  to  the  mode  of  formation  of  pehrh 
leuMj  many  speculations  have  been  offered ;  but  the  follow- 
ing/act is  here  pointed  out  for  the  first  time.  The  petroleum- 
bearing  strata  antecede  the  larger  mass  of  the  Carboniferous. 
It  is  clear,  therefore,  that  the  oxygen  corresponding  to  the  car- 
bon, and  part  of  the  hydrogen,  of  the  huge  masses  of  coal  of 
subsequent  Carboniferous  strata,  as  well  as  of  the  fossil  mat- 
ters since  deposited  (the  Tertiary  lignites  for  example)  and  of 
all  now  existing  vegetation,  had  not  then,  as  yet  passed  into 
the  atmosphere.  In  an  atmosphere  so  poor  (comparatively) 
in  oxygen,  could  decay  and  eremacausis  proceed  with  the 
rapidity  and  intensity  of  our  day?  Would  they  not  rather  be 
necessarily  so  slow  and  imperfect  that  liquid  products  would 
be  formed  instead  of  gaseous?  Of  course  the  greater  con- 
tent of  carbonic  acid  in  the  atmosphere  during  the  days  of 
Petroleum-Genesis  (represented  now  by  not  only  all  the  fossil 
matter,  but  by  all  the  limestones,  dolomites  and  chalybites 
since  formed)  may  have  contributed  its  modifying  influence. 

As  another  example  of  the  intermitting  sway  of  Life  over 
the  successive  chemical  conditions  of  the  telluric  surface,  I 
introduce  here  what  appears  to  me  to  be  a  new  and  prolific 
generalization  relating  to  the  oscillations  of  oxygen  between 
carbon  and  iron  in  past  ages.  In  addition  to  the  former  pos- 
tulates of  my  Zoic  Theory  of  Chemical  Greogony,  I  may  in 
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fact  here  enotmce  another.  In  a  preyious  paragragh,  I  have 
presented  the  induction :  In  the  Prozoic  Era^  aU  the  PotenticU 
Oxygen  of  the  EartKs  surface  was  in  camhinationy  either  with 
Iran  in  the  Hydrosphere^  or  with  Carbon  in  the  AerospJiere. 
The  new  postulate  I  have  to  present  is  as  follows : 
A  large  part  of  the  Potential  Oxygen  has  been  swinging  like  a 
pendulum^  under  the  alternating  impulses  af  Vitality  and  Affin- 
ityj  between  Iron  and  Carbon ,  since  the  Zoic  Dawn. 

The  discnssion  of  this  Postulate  would  lead  me  too  far  on 
this  occasion.  To  illustrate  it  I  shall  hut  present  the  follow- 
ing scheme,  constructed  in  tabular  form,  to  represent  the  influ- 
ence of  the  principle  upon  the  chemical  state  of  the  Iron- 
Oxides  in  the  oceanic  sediments  of  the  successive  geological 
days. 

TABLE  OF  SBCXJLAB  GEOLOGICAL  OXTQEN-OSCILLATIONS. 


AOE8. 


DATS. 


Gem'l  Condition  of  Ikon. 


Prozoio, 
Eozoio, 


IX>Wnt  SiLUBLiK, 


••{ 


UlVKB  SiLUBIAK,    . 


BKYONIAN,    .     .     . 


GlBBONIFSHOUS, 
PEBMIAK,     •    %    . 


MS80ZOIO, 
ClNOZOIC, 


Potsdam, 

Calclferonsy     .    .    .     ) 

Trenton, > 

Hudson  Biyer,    .    .     ) 

Oneida, 

Medina, 

Clinton, 

Niagara, 

Salma,     ..... 
Lower  Helderbeijif, 

Oriskany, 
Upper  He 
Hamilton, 
Chemnng, 
Gatskill, 


slderbeig,       \ 

: : : : :  \ 


Triassio, ) 

Jurassic,     ....  | 

Cretaceous,     ...  ) 

Tertiary,     ....  ) 

Antbroposoio,     .    .  ) 


Ftrric, 
Ferrous, 
Ferric, 
Ferrous, 

Ferric  (tfaoufffa  marine) ;  [Bed 
Shales  andf  Sandstones  and 
Bed  Iron  Ores]. 

Ferrous, 

Ferric  0) 

Ferrous, 

ferric  (for  6000  ftet). 

Ferrous, 

Ferric, 
Ferrous, 

Ferric 


m.  Cbbmioal  Bkvxlatiok  of  a  Fdtai.  zoio  Gatabtbofhb. 
In  the  course  of  the  above  attempts  to  fathom  the  Chemis- 
try of  the  Past,  indications  have  become  apparent  to  me,  which 
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are  applicable  to  the  Fatare :  and  which  seem  to  be  of  truly 
vital  interest  to  the  human  race.  There  are  chemical  changes 
now  active  on  the  Earth's  surface,  easily  demonstrated,  whose 
continuance  must  inevitably  bring  about  the  final  extinction  of 
man,  and  ultimately  of  all  other  life  upon  our  planet, 

A  single  one,  among  the  most  important  and  inevitable  of 
these,  I  propose  here  to  explain. 

What  fdmishes  the  actual  fundamental  chemical  nutriment 
or  pabulum,  of* vital  existence?  No  chemist  will  contradict, 
when  I  say  that  it  is  the  carbonic  acid  of  the  atmosphere. 
How  long  is  this  going  to  last?  This  question  many  will  re- 
gard as  absurd,  having  been  taught  that  it  is  restored  at  least 
as  fast  as  (possibly  at  the  present  day  faster  than)  it  is  con- 
sumed. The  notion,  stereotyped  in  the  text-books,  is  that, 
whatever  may  have  been  in  the  past,  an  equilibrium  has  been 
reached  during  the  age  of  man,  between  production  and  con- 
sumption. This  cannot  be,  unless  there  can  be  shown  a  mode 
of  restoration  corresponding,  and  equivalent  to,  each  mode  of 
consumption.  There  is  one  such  mode,  however,  still  active 
and  continuous,  and  without. sign  of  cessation,  which  will  ulti- 
mately exhaust  the  atmosphere  of  its  carbonic  acid,  and  thus 
put  an  end  to  organic  life.  This  agency  is  itself  due  and  has 
ever  been  due  to  vital  influences.  It  seems  part  of  the  great 
law  of  Zoic  development  that  Life  slowly  evolves  the  causes 
of  its  own  ultimate  extinction  on  the  Earth.  The  agency  I 
refer  to  is  that  by  which  marine  animals  with  calcareous  shells 
or  skeletons  secrete  carbonates  from  the  ocean  water,  the  car- 
bonic acid  of  these  carbonates  having  been  originally  derived 
from  the  atmosphere.  Such  carbonic  acid  thus  passes  into 
solid  forms,  permanent  and  for  ever  unavailable  thereafter. 
This  is  where  the  great  machine  runs  down,  and  Affinity  ob- 
tains its  final  victory  over  its  mysterious  antagonist  Vitality. 

Whenever  the  last  molecule  of  carbonic  acid  produced  from 
the  combustion  of  all  the  carbon  on  the  Earth  shall  have  been 
locked  up  in  this  shape,  no  form  of  life  now  known  to  us  can 
any  longer  be  possible,  and  the  present  Zoic  Cycle  must  end. 
Comparatively  and  geologically  speaking,  the  end  is  near; 
though  millions  of  years  may  yet  intervene.  But  long  before 
this  end  of  aU  life,  the  atmosphere  must  gradually  diminish  in 
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its  capacity  to  produce  food  suitable  for  man.  No  human 
power  that  we  can  discern  can  avert  this  result.  Man,  by 
boming  up  the  carbon  stored  in  eras  past  in  the  Earth's  vis- 
cera^ is  doing  his  utmost  to  preserve  the  status  of  the  ma- 
chine, possibly  even  partially  and  temporarily  rewinding  it 
(here  is  a  curious  topic  for  speculation)  ;  but  it  must  still  con- 
tinaously  run  down.  In  the  oceanic  depths,  this  precious  con- 
stituent of  the  air,  in  which  we  literally,  in  a  higher  than  poetic 
sense,  ^'live,  and  move  and  have  our  being,"  is  continually 
undergoing 

"A  sea-change 
Into  Bomething  rich  and  strangei" 

never  to  reappear  in  form  available  to  life,  until  indeed  that 
time  shall  arrive,  when  '*  the  elements  shall  melt  with  fervent 
heat  ;**  and  when,  under  the  influence  of  this  heat,  the  calcic 
and  magnesic  carbonates  shall  be  converted  i^^to  igneous  sili- 
cates, rendering  up  agaiil  the.  treasures  of  carbonic  acid  in 
their  marble  grasp ;  the  atmospheric  oxygen — ^representative  of 
AfBnity,  enemy  of  Vitality — shall  also  then  be  at  least  partially 
withdrawn  by  oxidation^f  sulphides  and  of  ferrous  oxide ; 
and  the  Earth  be  thus  far  advanced  in  preparation  for  a  new 
Zoic  Cycle.' 


8.  NonoE  OF  SOME  New  Tebtiabt  and  Cretaceous  Fishes. 
By  O.  C.  Mabsh,  of  New  Haven,  Conn. 

(Abstract.) 

The  fossils  exhibited  by  Professor  Marsh,  and  briefly  de- 
scribed in  this  communication,  consisted  of  the  remains  of  sev- 
eral new  species  of  fossil  fishes  from  the  Cretaceous  and 
Tertiary  formations  of  the  United  States,  and  nearly  all  were 
from  the  greensand  of  New  Jersey. 

Among  the  remains  of  Tertiary  fishes  were  specimens  indi- 
cating two  very  diminutive  species  of  Sword-fish,  each  of  which 
was  represented  by  the  beak,  or  united  premaxillaries.  One  of 
these  fossils,  for  which  the  specific  name  HisltopTiorus  parviUtia 
was  proposed,  was  a  nearly  perfect  ''  sword,"  only  about  three 
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inches  long;  which  wonld  indicate  that  the  entire  fish  was 
probably  not  more  than  twenty  inches  in  length.  The  beak 
in  this  species  is  slender  and  very  pointed.  It  is  compressed 
transversely,  bnt  has  the  lower  surface  nearly  flat.  The  brush- 
like  teeth  on  this  portion  are  reduced  to  two  narrow  bands. 
The  remaining  surface  of  the  sword  is  irregularly  striated. 
This  interesting  specimen  was  found  in  the  Eocene  greensand 
of  Monmouth  County,  New  Jersey,  at  the  pits  of  the  Sqnankum 
Marl  Company,  and  was  presented  to  the  Museum  of  Yale 
College,  by  O.  B.  Kinne,  Esq. 

The  second  small  species  of  Sword-fish  apparently  belongs 
to  a  ne,w  type,  allied  to  the  extinct  Ccdorhynchus  of  the 
Eocene.  The  beak  resembles  in  general  form  that  of  Codo- 
rhynchus^  but  is  much  smaller,  tapers  more  rapidly,  and  has  the 
inferior  surface  flattened,  and  marked  by  two  shallow  grooves! 
Like  the  rostru^  of  that  genus  it  has  a  double  cavity  at  the 
base,  and  a  single  one  through  the  fliain  portion  of  the  shaft. 
The  upper  surface  is  also  fluted,  but  much  more  delicately  than 
in  any  known  species  of  Codorhynchus.  When  entire  the  beak 
was  apparently  not  more  than  two  anda  half  inches  in  length, 
and  the  whole  fish  probably  did  not  exceed  fifteen  inches, 
which  is  by  far  the  smallest  sword-fish  known.  For  the  ex- 
tinct genus  represented  by  this  specimen,  the  name  EmhdLo*^ 
rhynchus  was  proposed,  and  the  species  was  called  EmbcUo- 
rhynchus  Kinnei^  after  the  discoverer,  O.  B.  Kinne,  Esq.,  whose 
explorations  in  the  Tertiarj'^  of  New  Jersey  have  brought  to 
light  many  interesting  fossils.  This  specimen,  also,  was  found 
in  the  Eocene  greensand,  at  the  pits  of  Squankum  Marl  Com- 
pany. 

A  new  species  of  PhyUodus^  the  first  discovered  in  this 
country,  was  likewise  announced,  and  briefly  described  under 
the  name  PhyUodus  degans.  It  was  represented  by  a  pharyn- 
geal, dental  plate,  with  the  teeth  in  aA  excellent  state  of 
preservation.  This  specimen  diflers  fh>m  the  corresponding 
part  in  the  known  species  of  this  genus,  in  its  form,  which  is 
subtriangular,  and  especially  in  its  much  smaller  size,  as  it  is 
'but  nine  and  a  half  lines  in  length,  or  scarcely  more  than  one- 
fourth  as  large  as  the  smallest  already  described.  In  the 
number  and  position  of  the  various  teeth  it  appears  to  most 
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nearly  resemble  PhyUodus  toliapicus  Ag.  (Poissons  fossiles, 
Vol.  n,  pi.  69  a,  fig.  1)  from  the  London  clay,  but  diflfers  from 
that  species  in  haying  the  central  teeth  proportionally  much 
more  elongated  and  the  lateral  ones  less  numerous.  This 
unique  specimen  was  found  in  the  Eocene  greensand  at  Farm- 
ingdale.  New  Jersey,  in  the  pits  of  the  Squankum  and  Free- 
hold Marl  Company,  and  was  presented  to  the  Yale  Museum, 
by  Major  A.  J.  Smith,  the  Superintendent. 

A  second  and  larger  species,  apparently  of  the  same  genus, 
was  represented  by  the  central  portion  of  the  corresponding 
dental  plate.  It  is  readily  distinguished  from  all  the  described 
species  of  PhyUodus^  by  the  unusual  thickness  of  the  teeth,  and 
by  the  fact  that  the  longest  of  the  series  are  considerably 
curved,  so  that  the  crushing  surface  of  the  plate  is  concave 
transversely.  This  species  was  named  Phyllodua  curvidenis. 
The  specimen  on  which  it  is  established  was  found  near  Shiloh, 
Cumberland  County,  New  Jersey,  in  the  Miocene  Marl,  and  is, 
therefore,  ^the  most  recent  known  representative  of  this  type 
of  fishes. 

Another  new  species  from  the  Tertiary  was  indicated  by  the 
palatal  plate  of  a  fossil  ray,  for  which  the  name  MyliohcUes 
hisulcua  was  proposed.  It  differs  from  the  species  of  this 
genus  already  described,  in  having  the  central  row  of  teeth 
marked  along  the  median  line  by  a  deep  groove.  In  other  re- 
spects the  dental  surface  is  remarkably  smooth  and  flat.  This 
specimen  is  from  the  Eocene  greensand  of  Monmouth  County, 
New  Jersey,  and  also  belongs  to  the  Museum  of  Yale  College. 
Among  the  Cretaceous  specimens  exhibited  were  several 
ichthyodorulites,  which  evidently  belonged  to  Chimaeroid 
fishes,  and  indicated  a  species  new  to  science.  One  of  these 
was  a  dorsal  spine,  nearly  perfect,  and  about  fourteen  inches 
m  length.  It  is  somewhat  curved,  and  remarkably  slender, 
being  but  nine  lines  in  antero-posterior  diameter  at  the  base, 
and  tapering  regularly  to  the  apex.  It  is  compressed  trans- 
versely, suboval  in  general  outline,  and  has  the  posterior  sur- 
face slightly  concave  in  the  lower  portion.  The  upper  half  of 
this  surface  is  armed  with  two  rows  of  very  sharp,  decurved 
teeth,  while  the  corresponding  part  of  the  anterior  face  has  a 
sharp  cutting  edge,  which  toward  the  distal  end  is  finely  ser- 
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rated.  The  sides  of  the  spine  are  smooth,  or  faintly  striated. 
This  specimen  was  found  by  John  G.  Meirs,  Esq.,  in  the  up- 
per Cretaceous  marl  bed,  near  Homerstown,  New  Jersey,  and 
the  species  is  named  Dipristis  Meirsii^  in  honor  of  the  dis- 
coverer. Fragments  of  this  species,  of  much  larger  size  than 
the  specimen  described,  are  not  uncommon  in  the  same  geo- 
logical horizon  in  other  parts  of  the  State. 

Another  Cretaceous  species,  Enchodua  aemistriatuSy  was  de- 
scribed from  a  number  of  shed  teeth.  The  most  perfect  of 
these  was  fourteen  lines  in  length  and  three  and  a  half  lines  in 
diameter  at  the  base.  It  was  slightly  sigmoid  in  shape,  com- 
pressed, and  has  in  front  a  sharp  cutting  edge  which  is 
minutely  denticulated.  The  rounded  posterior  surface  was 
marked  by  delicate  striae,  except  near  the  apex,  which  is  fur- 
nished with  a  distinct  barb.  Some  of  the  smaller  teeth  were 
more  nearly  straight,  and  apparently  without  the  barb.  All 
the  specimens  of  this  species  yet  discovered  are  from  the  lower 
Cretaceous  Marl  bed  of  New  Jersey. 


II.  ZOOLOGY. 

1.  Observations  on  Phtllopod  Crustacea  of  the  Fajolt 
Branchipid^,  wtih  descriptions  of  some  New  Genera 
AND  Species,  from  America.*    By  A.  E.  Verriix,  of 

New  Haven,  Conn. 

« 

The  Phyllopod  Crustacea  are  among  the  most  interesting  of 
the  Entomostraca,  as  they  are  also  by  far  the  most  beautiful. 
In  size  the  species  generally  exceed  those  of  most  other  groups, 
except  the  Limuloids  and  Cirripeds.  The  numerous  peculiar 
natatory  appendages,  which  are  moved  with  a  peculiarly  grace- 
ful undulatory  motion,  give  them  an  elegant  appearance  when 
in  motion.    In  this  country  they  have  hitherto  been  but  little 

*  An  abstract  of  this  comnmnication  was  printed  in  the  "  American  Jonrnal 
of  Science,"  xlviil,  p.  244,  Sept.,  1869,  and  reprinted  in  *>  The  Annals  and  Magazine 
of  Natural  History.''  In  the  present  paper  many  alterations  and  additions  hare 
been  made. 
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studied,  and  doubtless  many  more  forms  remain  to  be  dis- 
covered. 

Among  those  already  described  from  North  America,  are  two 
species  of  Apus^  A.  glacicUiSj  from  the  Arctic  regions,  and  A. 
longicaudatus  Leconte,  from  the  Rocky  Momitains. 

In  the  following  remarks  those  belonging  to  the  Branchi- 
pid^e  are  alone  considered. 

Abtbmia  Leach,  1819. 

This  genus  is  characterized  by  having  eleven  pair  of  four- 
jointed  branchial  "feet"  or  fins  along  the  sides  of  the  body, 
"the  middle  ones  being  longest ;  each  joint  bearing  flat  branchial 
appendages,  ciliated  by  sharp  setae,  as  in  the  other  genera  of 
the  family.     The  abdomen  is  slender,  six-jointed,  the  last  joint 
long,  terminated  by  two  small  projecting  appendages,  each 
bearing  six  to  ten  plumose  setsB.    The  first  abdominal  segment 
bears  the  external  sexual  organs  of  the  male,  and  a  short,  di- 
lated, ovigerous  pouch  in  the  female.    In  the  male  the  head 
bears  in  front  a  pair  of  large,  three-jointed  hooks  or  clasping 
organs,  each  of  which  has  on  the  inner  side  of  its  basal  joint  a 
small,  rounded  appendage ;  a  pair  of  slender  antennae,  just  back 
of  these,  terminated  by  two  or  three  minute  setae ;  a  pair  of 
pedunculated  compound  eyes,  and  a  dark  spot  on  the  middle 
of  the  head,  which  is  the  remains  of  the  single  eye  of  the 
young.    The  mouth  below  is  provided  with  a  broad  labrum,  a 
pair  of  mandibles,  two  pairs  of  jaws,  and  a  pair  of  lateral  pa- 
pillae.   In  the  female  the  head  lacks  the  stout  claspers,  which 
are  replaced  by  a  pair  of  comparatively  small,  simple,  hom- 
shaped  organs. 

According  to  Dr.  Baird,*  the  genus  Evlimene  Latreille,  1817, 
was  based  on  specimens  of  A,  scUina,  which  were  badly  pre- 
served and  erroneously  described.  That  name  was,  however, 
preoccupied  among  Acalephs. 

This  interesting  genus  is  remarkable  for  its  habit  of  living 
and  flourishing  best  in  very  saline  and  alkaline  waters,  such  as 
the  natural  salt  lakes  of  Egypt,  Utah,  etc.,  and  the  artiflciaU 
brines  formed  by  the  evaporation  of  sea-water  by  exposure 

*  Monograph  of  the  Family  BranchipodldsB,  etc.,  in  Annals  and  Mag.  Kat. 
HUtory,  yol.  U,  p.  216, 185i. 
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to  the  heat  of  the  son,  as  in  England,  France  and  the  West 
Indies. 

The  species  first  made  known,  A.  acUina  Leach  {Cancer  bot 
lintbs  Linn.),  was  first  described  by  Schlosser,*  who  found  it  in 
great  profusion  in  the  brines  of  Lymington,  England.  Linn6 
indicates  it  also  from  the  salt  lakes  of  Siberia  (perhaps  a  dis- 
tinct species,!  and  probably  the  same  as  that  observed  by  Pal- 
las|  in  great  numbers  in  the  Great  Schim616e).  More  recently 
it  has  been  described  ^om  the  salterns  of  southern  France,  at 
Montpellier,  etc.§  The  genus  has  been  found  also  in  the  Lakes 
Goumphidich,  Amaruh  and  Bedah  in  Egypt,  which  are  re- 
ported to  be  both  very  saline  and  alkaline,  their  bottoms  beii^ 
"  covered  with  a  layer  of  crystals  of  carbonate  of  soda,  sul- 
phate of  soda,  and  common  salt,''  while  the  density  of  the 
water  is  stated  at  1.255.  The  Egyptian  species  appears  not  to 
have  been  described  as  yet.||  In  the  Antilles  A.  Ouildingi 
Thompson  occurs.f  A.  MUhausenii  Edw.  (Fischer  sp.)  is 
found  in  Lake  Loak  in  the  Crimea.**  *  A  few  years  ago  Prof.  B. 
SUliman  presented  to  the  Museum  of  Yale  College  a  number 
of  specimens  of  a  new  species,  A.  Monica  V.,  which  he  collected 
in  Mono  Lake,  California,  where  it  occurs  in  great  abundance 

*  Observations  p^riodiques  sar  la  ph78iquei  lliistolre  natnrelle  et  les  beaux-arts, 
par  Qautler,  1766  (with  flgures).  An  extract  tK^m.  this  is  republished  in  Annals  des 
Sciences  nat.^  2e  ser.,  t.  IB,  p.  226, 184D,  in  an  elaborate  description  of  tiHe  anatomy, 
development,  habits,  etc.,  of  Ariemia  aalina  by  M.  Joly,  illustrated  by  two  excel- 
lent plates  of  the  female  and  young.  M.  Joly  failed  to  observe  the  male  amon^ 
more  than  a  thousand  flamales,  and  therefore  doubted  whether  the  sexes  were  dis- 
tinct, suggesting  that  the  males,  very  weU  described  by  Schlosser,  were  only  the 
young,  although  that  author  described  them  as  clasping  the  ftmales  in  the  weU 
ki^own  manner,  but  he  did  not  observe  the  actual  copulation. 

See  also  an  article  by  Thomas  Backett,  in  Trans.  Linn.  Soc.  of  London,  toL  zi, 
p.  206,  pi.  14, 1812  (figures  very  bad) ;  Thompson,  Zoological  Researches,  No.  6,  p. 
106, 1. 1  and  2;  W.  Baird,  Nat.  Hist,  of  the  British  Entomostraca,  p.  61,  tab.  ii,  Hg^ 
2-4  (figures  very  good,  but  the  specimens  probably  not  Itill-grown). 

t  Polyartemia  foreipata  Fischer,  is  firom  the  rivers  of  Siberia  and  also  from  Lap- 
land. It  resembles  Artemia,  but  has  nineteen  pairs  of  natatory  appendages  and 
also  peculiar  appendages  to  the  male  olaspers,  with  the  second  Joint  divided. 

t  Voyage  en  difii^rentes  provmces  de  I'empire  de  Bussie,  t.  ii,  p.  606  (t.  Joly). 

S  M.  Payen,  Note  sur  des  anlmaux  qui  colorent  en  rouge  les  marais  salana,  Ann. 
des  Sci.  nat.,  2e  ser.,  t.  6, 1836,  p.  219  (contains  experiments  on  the  elTects  caused 
by  altering  composition  and  density  of  the  water) ;  also  op.  cit.,  t.  10,  1838,  p.  S15; 
Joly,  op.  cit.,  1. 18,  p.  225, 1840  (see  above);  Milne  Bdwards,  Crustac^,  t.  iU,  p.  989, 
1840. 

II  Audouin,  Ann.  des  Sci.  nat.,  2e  ser.,  t.  6, 1836,  p.  230. 

IT  Thompson,  Zool.  Besearches,  fhs.  7,  pi.  I,  figs.  11-12. 

•*  Sdwards,  Crustac^s,  t.  iii,  p.  870, 1840. 
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associated  with  tlie  larvae  of  Ephydra,*    The  water  of  this 
lake  is  very  dense,  and  not  only  very  saline,  but  also  so  alka- 
line that  it  is  said  to  be  used  for  removing  grease  f^om  clothing. 
I  have  been  unable,  however,  to  find  any  reliable  analysis  of 
this  water.     It  is  said  to  contain,  also,  biborate  of  soda*    Prof. 
Silliman  informs  me  that  the  genus  also  occurs  in  Little  Salt 
Lake.     It  occurs  in  great  abundance  in  Great  Salt  Lake, 
Utah,  as  I  am  informed  by  Prof.  D.  C.  Eaton,  who  obtained 
specimens  there  during  the  present  summer,  f    The  water  of 
Great  Salt  Lake  has  usually  been  described  by  travellers  as 
destitute  of  all  life,  but  according  to  Prof.  Eaton  it  contains 
not  only  an  abundance  of  Artemim^  but  also  various  other  small 
animals,  insect  larvae,  etc.   The  density  of  the  water  is  stated  at 
1.170^,   but  doubtless  varies  according  to  the  season.  (    It 
yields,  according  to  Dr.  (xale,  over  22  per  cent  of  solid  mat- 
ter,§  while  the  Syracuse  Saline,  one  of  the  richest  natural 
brines  in  the  United  States,  contains  but  19.16  per  cent.|    A, 
few  weeks  ago  Mr.  Oscar  Harger  discovered  another  new  spe- 
cies, A.  groGUis  V.,  near  New  Haven,  under  very  peculiar  cir- 
comstances.    On  the  long  wooden  bridge  across  West  River 
and  the  extensive  salt  marsh  on  the  West  Haven  side,  are 
placed  large  wooden  tubs  filled  with  water  f^om  various  pools 
on  the  marsh,  to  be  used  in  case  of  fire.    By  long  exposure  to 
the  sun  and  air  the  water  in  these  becomes  concentrated  and 
thus  fhmishes  suitable  stations  for.  the  rapid  increase  of  Ar- 
temtcB.    On  examining  the  tubs  the  first  of  August  I  found 
eight  of  them  partly  filled  with  water,  in  six  of  which  the 

*  Verrill,  Proceedings  Boston  Soe.  Nat.  Hist.,  yoI.  xi,  p.  3, 1866  (the  Urvis  were 
Wrongly  referred  to  SritiaUt) ;  Paokaxd,  on  Inseets  inhabiting  salt-water,  Proo. 
Essex  Inst,  vol.  Tl,  p.  41, 1868* 

tXhis  species  has  since  been  examined  and  fbnnd  to  be  a  distinct  species,  A, 

X  The  density  of  the  water  of  the  Atlantto  Ooean  is  stated  at  1.096;  that  of  the 

Bead  Sea  1.130  to  1.227. 

f  This  solid  matter,  aocordhig  to  Dr.  Gale  (Amer.  Journal  Science,  n,  vol.  xtU, 

p.  128),  has  the  following  composition : 

Chlorid  of  sodium, 20.196 

Snlphate  of  soda, 1.684 

Chlorid  of  magneslnm, • .262 

Chloild  of  caloiom, trace 

92.282 
11  For  analyses  of  sereral  of  these  brines,  see  Dana's  System  of  Mineralogy, 
BOi  edition,  1868,  p.  118. 

A.A.A.S.    VOL.XVm.  80 
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ArtemifB  were  found  in  abundance,  though  more  nnmeiouB  in 
one  than  in  any  of  the  others.  In  one  tub,  in  which  the 
water  had  a  decidedly  milky  appearance,  they  were  so  abun- 
dant that  hundreds  could  be  obtained  in  a  few  minutes.  The 
water  in  some  of  the  other  tubs  containing  them  was  of  a  red- 
dish or  brownish  hue,  or  about  the  color  of  weak  tea.  In  two 
no  ArtemisB  could  be  seen,  and  in  these  the  water  appeared  to 
have  been  more  recently  renewed.  Search  was  made  in  tiie 
pools  from  which  the  water  had  been  taken,  but  no  AriemifB 
were  found,  though  doubtless  from  these  places  the  progenitors 
of  those  Inhabiting  the.  tubs  must  have  been  taken.  It  is  prob- 
able that  in  the  pools  they  exist  in  very  small  numbers,  being 
kept  in  check  partly  by  various  small  fishes  and  other  enemies, 
and  partly  by  the  unfavorable  character  of  the  water,  while  in 
the  tubs  th6  density  of  the  water  is  more  favorable  for  their 
rapid  increase,  and  unfavorable  or  fatal  to  their  enemies.*  The 
water  from  the  tubs,  when  examined  with  a  high  power  of  the 
microscope,  was  found  to  be  filled  with  immense  numbers  of 
infhsoria  of  various  kinds,  such  as  monads,  vibrios  and  bac- 
teria, most  of  which  were  so  small  as  to  be  distinguishable 
only  as  moving  points  with  a  \  inch  objective. 

In  the  salterns  of  France  the  ArtemioR  are  associated  with 
immense  numbers  of  a  monad,  usually  bright  red  in  color, 
which  has  been  named  Monas  Dunalii  by  Joly,  who  attributes 
to  it  the  red  color  which  this  brine  assumes  Just  before  cxystal- 
lization,t  as  well  as  the  red  color  observed  in  the  Artemia^ 
which  doubtless  feed  upon  it,  as  well  as  upon  various  other 
living  infusoria,  and  dead  animal  and  vegetable  matter  of  vari- 
ous kinds.|  The  Monaa  Dundlii  appears  in  abundance  in  the 
water  having  the  density  most  favorable  for  Artemiay  but  in- 
creases in  far  greater  proportion  in  the  still  denser,  nearly  or 
quite  saturated  brine  in  which  Artemia  does  not  live.  The 
observations  of  Payen  and  Joly  show  that  the  A.  BoUna  of 

•  The  density  of  the  water  in  two  of  the  tabs  containing  most  ArtemkB,  was 
1.085,  eqniyalent  to  a  brine  containing  9.07  per  cent  of  salt.  One  of  those  tested 
was  brownish,  the  other  milkj. 

t  Recberohes  sur  la  Coloration  en  rouge  des  Marais  Salana  M^dlteErantaDS,  par 
M.  Joly,  Annals  des  Sciences  natnrelles,  9«  ser.,  t.  ziii,  1840,  p.  966. 

X  According  to  M.  J0I7,  op.  cit.,  p.  962,  a  beetle,  Hfdroporu§  tahtnu  Joly,  also 
inhabits  the  salterns,  where  the  water  has  a  density  of  6*  or  V  Banmd,  and  preys 
upon  the  Artemia, 
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France  caa  exist  in  waters  varying  in  density  from  4**  to  20** 
Batun£,  but  that  they  flourish  best  in  those  that  have  a  density 
of  10^  to  15^.*  According  to  Backett  those  of  Lymington  do 
not  live  in  the  water  which  is  undei^oing  the  first  stage  of  con- 
centration, but  only  m  the  pans  of  concentrated  brine,  contain- 
ing about  ^^  a  quarter  of  a  pound  of  salt  to  the  pint." 

Our  A.  grcbcUU  can  exist  without  apparent  inconvenience 
when  the  water  in  which  they  occur  is  diluted  with  an  equal 
bulk  of  firesh  water,  as  well  as  when  it  is  mach  concentrated 
by  evaporation.  The  water  in  which  they  were  found  varies  in 
density  frrom  1.060  to  1.065. 


Abtbmia  osacilu  VenilL 

American  Joomal  of  Science,  zlylii,  p.  248,  September,  1869 ;  re- 
printed in  AmL  and  Mag.  of  Nat.  History,  Vol.  ir,  p.  881, 1869. 

Body    slender,    in    the    male  ng.  i,i 

about  .3  of  an  inch  long ;  in  the  \^ 

female  .4*    Claspers  of  the  male 
relatively  long  and  powerftil,  first  imzz 
joint  thickened,  with  a  distinct  ^ 

angle  at  the  articulation  on  the 

outside   and  a  short,  rounded, 

nearly  semicircular  process  on^ 

the  inside  near  the  base,  about 

its  own  diameter  from  the  base ; 

second   joint   broad,    fiattened, 

continuoas  with  the  third  joint, 

strongly  curved,  outline  nearly 

regularly  convex  on  the  outside, 

until   near   the  middle  it   sud- 
denly bends  inward  forming  an 

obtuse  angle,  beyond  which  the 

outline  is  concave  to  the  last 

articulation,  where    it  becomes 

again  convex,  formhig  on  the  last  joint  a  slight,  rounded  angle, 

*  4*  to  SO"  Baomtf  is  eqaiyalent  to  a  density  of  al>ont  1.02  to  1.16 ;  10*  to  IS* = 1 .075 
to  1 J17.  A  brine  haring  a  density  of  1.020,  wMch  is  nearly  tliat  of  sea-water,  con 
tains  about  S.766  per  cent  of  salt;  one  of  1.100  contains  SI  J19  per  oent;  one  of  1.075 
about  10.879  per  cent;  1.117  about  15.794  per  oent. 

fFlgorel.— ^rtomto  graeUis,  female,  enlarged;  drawn  from  liTlng  specimen, 
by  J.  H.  Bmerton. 
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the  inner  edge  is  nearly  straight,  or  but  slightly  ooncaTe,  to  tiie 
last  articulation,  where  there  is  a  slight  but  distinet  angle; 
last  Joint  triangalar,  longer  than  broad,  tapering  to  the  aoate, 
slightly  excorved  point.  Antennae  slender,  elongated,  reaching 
beyond  the  first  articulation  of  the  claspers,  taininal  setae 
minute.  Abdomen  slender,  smooth,  the  terminal  lobes  small, 
longer  than  broad,  broadly  rounded  at  the  end,  slightly  con- 
stricted at  the  base  inside,  each  bearing  usually  7  or  9  plumose 
Fig.  s.*  setae,  the    central    ones    much   the 

longest.  Ovigerous  pouch  of  the 
female,  when  seen  from  below,  flask- 
shaped,  the  neck  extending  back- 
ward and  downward,  short,  thick, 
subcylindrical  toward  the  end,  the 
body  of  the  "flask''  short,  thick, 
swollen  laterally,  broader  than  long, 
the  sides  terminating  outwardly  in  a 
small,  triangular,  sharp  tooth,  some- 
times showing  a  minute  spine.  This 
pouch  is  generally  filled  with  numer- 
ous large,  brownish  eggs. 

Color  generally  reddish,  flesh- 
color,  or  light  greenish,  translucent ;  the  males  usually  lighter, 
greenish  white,  the  intestines  generally  showing  through  as  a 
dark  reddish  or  greenish  median  line ;  eyes  very  dark  brown, 
or  black;  ovaries  often  whitish,  along  each  side  of  the  ab- 
domen. 

An  adult  male  gives  the  following  measurements : — distance 
between  eyes  1.81™";  breadth  of  head  .76;  length  of  eye- 
stalks  .62  ;  length  of  first  joint  of  the  claspers  .91 ;  its  breadth 
.72 ;  breadth  of  its  appendage  .18 ;  length  of  second  and 
third  joints  flrom  outer  edge  of  first  articulation  to  the  tip 
2.48 ;  greatest  breadth  .87 ;  breadth  at  last  articulation  .72 ; 
length  of  last  joint  1.05  ;  length  of  last  joint  of  abdomen,  ex- 
clusive of  appendages,  1.00 ;  its  breadth  .31 ;  length  of  prece- 

^Flgnre  S.^a,  head  of  A.  gradUB,  male,  viewed  flrom  below,  showing  part  of 
the  month  organs,  the  eyes  and  the  claspers ;  by  abdomen  of  the  same,  with  male 
organs;  c,  head  of  A,  Mcmtcoj  showing  eyes,  antennte  and  claspers;  d,  oandal  ap- 
pendages of  the  same.  .  All  these  figures  are  firom  camera-lncida  drawings  by  the 
anther,  and  enlarged  seTen  diameten. 
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ding  joint  .42 ;  its  breadth  .87 ;  length  of  tenninal  appendages 
.21 ;  breadth  .096 ;  length  of  longest  setas  .70. 

New  Haven,  Conn.    Charlestown,  Mass.,  on  railroad  bridge 
across  Charles  River  in  tubs  of  concentrated  searwater.* 

Abxexia  Monica  yerrOli  op.  dt.,  p.  S48, 
Figure  S,  c.  d. 

Form  similar  to  that  of  the  preceding  species,  bnt  a  little 
larger  and  stouter.    The  largest  female  is  18°^  (.52  of  an. inch) 
long,  the  abdomen  being  6™" ;  and  5°*~  across  the  branchial  feet 
in  their  natural,  partly  extended,  position.    The  largest  male 
is  ll.S"""  (.45  of  an  inch)  long,  the  abdomen  being  6"".    The 
daspers  of  the  male  are  relatively  stouter,  the  hook  or  outer 
two  joints  being  much  broader,  more  triangular,  and  less  elon- 
gated.    The  inner  edge  of  the  first  joint,  as  seen  fh>m  below,  is 
regularly  convex,  beming  the  appendage  on  its  most  convex 
part,  and  not  so  near  the  base  as  in  A.  gracilis^  the  distance  be- 
ing about  twice  the  breadth  of  the  organ,  which  is  about  as 
broad  as  long  and  regularly  rounded.    At  the  articulation  the 
outer  edge  of  the  joint  projects  as  a  distinct  angle.    The  second 
and  third  joint  together  have  a  nearly  triangular  form,  the 
breadth  being  about  half  the  length ;  the  outer  edge  is  regularly 
rounded,  shorter  than  in  the  preceding;  it  forms  little  more 
than  a  right  angle  with  the  front  edge,  which  is  nearly  straight 
or  a  little  concave,  sometimes  slightly  convex  at  the  last  articu- 
lation, but  not  forming  a  distmct  angle  there ;  the  inner  edge  of 
the  hook  is  a  little  concave  on  the  first  joint,  becoming  convex 
at  the  last  articulation,  where  there  is  a  distinct  but  very  obtuse 
angle.    The  last  joint  is  almost  regularly  triangular,  about  as 
broad  as  long,  tapering  to  an  obtuse  point,  the  inner  edge  be- 
ing a  little  convex.    The  antenna  are  very  slender  and  do  not 
reach  the  first  articulation  of  the  claspers.    The  caudal  append- 
ages are  smaller  than  in  A.  gracUtSj  and  scarcely  longer  than 
broad,  rounded  at  the  end,  terminated  by  nine  or  ten  very  slen- 
der pulmose  setaB.    The  egg-pouch  of  the  female  is  broad  fiask- 
shaped,  strongly  convex  in  the  middle  below,  the  sides  not 
forming  such  sharp  angles  as  in  ^.  gracilis. 

^Ihuring  the  progreM  of  the  meeting  Dr.  G.  H.  Perkins  discoyered  this  speciei 
in  great  abnndanoe  in  tubs  of  water  taken  fh>m  the  Charles  River  and  kept  on  the 
Eastern  Bailroad  bridge.  Professor  Agassis  also  stated  that  he  had  formerly  ob- 
serred  this  or  a  similar  species  in  the  salt  vats  at  Cape  Cod. 
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The  English  specimens  of  A.  scUinaj  as  figured  hy  Baird, 
differ  from  both  the  preceding  species  in  having  longer,  more 
curved,  and  sharper  clasping  hooks,  and  the  basal  appendage 
more  elongated ;  the  egg-pouch,  though  badly  figured,  is  of  a 
very  different  form.  The  French  specimens,  as  figured  by  Joly, 
appear  like  a  distinct  species,  the  egg-pouch  being  of  a  very 
different  form,  and  the  caudal  appendages  very  much  longer  and 
larger  than  in  either  of  our  species,  while  Baird's  figure  repre- 
sents them  as  very  small ;  but  his  specimens  appear  to  have 
been  smaller,  and  may  have  been  immature,  for  these  species 
begin  to  breed  before  they  are  half-grown.  Whether  the  French 
species  be  distinct  from  the  English  can  only  be  determined  by 
additional  examinations,  especially  of  the  male,  for  the  male  of 
the  former  appears  not  to  have  been  figured  hitherto. 

Abtemia  FBBnuB  VerrilL 
American  Joamal  of  Science,  Vol.  zlviil,  p.  480,  Nov.,  1869. 
This  species  grows  to  a  larger  size  than  I  have  observed  in 
either  of  the  others,  some  of  the  specimens  being  full  .75  of  an 
y,    3 »  inch  long.     The  claspers 

of  the  male  (fig.  3,  a)  are 
stout,  with  the  second  joint 
broader  and  more  triangu- 
lar than  in  either  of  t^e 
preceding  species.  The 
outer  angle  of  the  second 
joint  of  the  claspers  is  very 
prominent,  and  the  outline 
from  thence  to  the  tip  is  decidedly  concave,  in  this  respect 
resembling  those  of  A.  gracilis  more  than  those  of  A.  Monica, 
The  caudal  appendages  (fig.  8,  b)  appear  to  be  shorter  than  in 
either  of  the  others,  but  this  character  varies  considerably 
with  age  in  all  the  species  of  this  genus.f  Oreat  Salt  Lake, 
Utah, — Sereno  Watson ;  D.  C.  Eaton ;  S.  A.  Briggs. 

*  Figure  8. — a,  head  otArtemiafBrHUi  V.,  male ;  6,  caudal  appendages.  Camera- 
Incida  drawings  by  the  author  from  alcoholic  specimens,  enlarged  seyen  diameters. 

t  For  this  reason  several  nominal  European  species,  established  mainly  on  dif- 
ferences in  the  caudal  lobes  and  setsB,  are  probably  only  the  young  of  others,  or  all 
perhaps  of  A.  soHna,  especially  since  those  with  small  caudal  lobes  and  few  or  no 
set8B,  are  described  as  small;  as  for  example,  A.  MUhauteiMi  A,  arieUma  and  A. 
Kopptniana  (Fischer  species). 

Another  species  has  recently  been  made  known  from  New  Sontti  Wales,  A. 
proxima  E3ng,  Entom.  Soo.,  K.  S.  Wales,  Vol.  i,  pL  zl. 
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This  species  occurs  in  vast  numbers  in  the  very  dense  waters 
of  Great  Salt  Lake,  together  with  the  larv®  of  Ephydra. 

Brakghifus  Shoofter. 

Branchipus  Shceffer,  Elements  entomologica,  Fl.  29,  figs.  6,  7, 1766, 
(type,  B,  pisdformia ^  B,  8tagnali8  Linn.  8p.}« 

Branchipiu  (j>ar8)  Lamarck,  LatreUle,  Leach,  Edwards. 

Chirocephdlus  (.pars)  Dana  (non  B^n^dlct  Provost,  1808;  Jarine, 
Thompson,  Baird). 

Under  the  name,  Branchipus,  at  least  five  or  six  generic 
groups  have  been  confounded  by  various  authors. 

Branchip%i8  should  be  restricted  to  the  original  species  de- 
scribed by  Shoeffer  and  the  allied  species,  of  which  B.  stagnaUa 
(Linn,  sp.)  is  one,  if  not  identical  with  B,  pisciformis^  as  is 
generally  supposed. 

As  thus  restricted  the  genus  is  characterized  by  the  stout 
two-jointed  claspers  of  the  male,  with  or  without  a  tooth  near 
the  base  of  the  hook,  the  basal  Fig.  4.* 

joint  being  swollen;  by  having  a 
pair  of  simple  appendages  resemb- 
ling antennae  between  the  bases 
of  the  claspers  in  front  (fig.  4,  c)  ; 
by  the  large,  thick,  oval  egg- 
pouches  of  the  female,  and,  ap- 
parently, by  the  structure  of  the 
branchial  organs.  The  typical  spe- 
cies have,  in  addition  to  the  pair 
of  slender  antenniform  organs,  a  short  bilobed  organ  (d)  be- 
tween the  bases  of  the  claspers  in  front. 

The  type  of  this  genus  is  B.  atagncUis  of  Europe  (fig.  4, 
head  of  male).  It  is  doubtful  whether  any  other  described 
species  can  be  properly  referred  to  the  genus. 

STRBPTOCEPHAI.ir8  Baird. 

Monograph  of  the  FamUj  Branchipodids,  etc.,  in  Annals  and  Mag. 
Nat.  History,  vol  14,  p.  219,  1854. 
BeUrobranchipuaYerrmt  American  Jour.  Science,  xlviii,  p.  260, 1869. 
Body  and  caudal  appendages  as  in  Branchipua;  natatory  or- 

*  ligare  4.  ^  Brand^4pu$  itagnaUi  LatreUle,  head  of  male,  enlarged ;  a,  antennas ; 
5,  eyes;  e,  antennilbrm  organs;  d,  bilobed  organ  at  base  of  claspers;  e,  claspers. 
From  Latreille  after  Shosflto'f  flgiire  of  B.  pUc^formit, 


2i0  B.  NATURAL  HZ8T0BT.     * 

gaiiB  in  eleven  pairs.  The  claspera  of  the  male  are  long,  fhree- 
Jointed,  tortuous  or  twisty ;  the  tenninal  joint  subdivided 
more  or  less,  into  two  or  more  branches,  or  bearing  slender 
appendages.  Near  base  of  claspers  are  two  antenniform 
organs.  Front  of  head  with  a  bilobed  organ,  between  bases 
of  claspers.  Male  organs  long,  slender,  complex.  £^-poadi 
elongated  or  conical. 

This  genus  includes  S.  cafer  (Loren  sp.)  Baird,  from  the 
marshes  of  South  AfHca ;  S.  simUis  Baird,  fh>m  St.  Domingo, 
West  Indies;  S.  torvicomis  (Waga  sp.)  Baird,  from  near 
Warsaw,  in  the  latter  the  claspers  are  said  to  be  as  long  as 
all  the  rest  of  the  body ;  iS,  ndmcaudatua  (Slunzinger  sp.) 
from  Kosseir,  near  the  Bed  Sea.  *  The  last  species  has  verjr 
long  slender  claspers  in  the  male ;  the  first  joint  bearing  a  slen- 
der antenniform  organ  at  its  outer  end ;  the  second  with  three 
slender  teeth-like  processes  on  the  outer  side;  the  third  is 
crooked,  subdivided  at  the  end  into  two  long  crooked  branches, 
of  which  the  inner  is  much  the  longest,  sickle^haped,  and  ser- 
rated on  the  inner  edge.  The  external  male  organs  are  com- 
paratively small  and  simple.  The  egg-pouch  is  long,  slender, 
and  beaked  at  the  end.  This  and  S,  torvicomU  are  closely 
allied  and  should  be  considered  typical  species  of.  StrepUy- 
cepJujduBj  while  S.  cafer  and  S.  simUia  might  well  be  separated, 
as  a  subgenus,  at  least,  under  the  name  of  HeterobrandUp%i8. 

CmBOCEFBALUB  PrOYOgt,  1808. 

This  genus,  established  for  C  diaphanusj  is  evidently  very 
distinct  from  both  the  preceding.  The  typical  species  is  laige, 
stout,  and  remarkable  for  the  singular  appendages  between  tiie 
claspers  of  the  male,  on  tlte  front  of  the  head.  These  consist 
of  two  long,  ligulate,  fleshy  processes,  serrated  on  each  side, 
which  coil  in  a  spiral  beneath  the  head,  but  when  extended,  as 
in  copulation,  reaching  beyond  the  claspers ;  attached  to  the 
outer  side  of  each  of  these  are  four  long  processes,  strongly 
serrate  on  the  inner  edge,  and  near  the  base  another  large, 
broad,  thin,  subtriangular  appendage,  its  edges  strongly  ser- 
rate, especially  in  front,  capable  of  folding  up  like  a  fan  when 
not  in  use.    The  claspers  have  a  much  swollen  basal  joint,  a 

*  Zeitsohrift  f^  Wissensch.  Zoologie,  zvii  p.  S8,  Tat  Iy.  flgs.  1-9, 1867. 
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strongly  serrate  tooth  on  the  inside  of  the  base  of  the  second 
joint,  which  beyond  this  is  slender  and  regularly  curved.  Egg- 
pouch  long-oval,  large  and  thick;  caudal  appendages  large; 
male  organs  and  branchise' peculiar. 

O.  diaphanua  Prev.,  inhabits  fresh-water  pools  in  France, 
Switzerland  and  England.  It  is  well  described  and  figured  in 
Baird's  British  Entomostraca,  p.  89,  tab.  m  and  iv. 

Dr.  Baird,  in  his  monograph,  refers  to  this  genus  the  follow- 
ing species: — 

G.  daviger  (Fischer,  sp.),  from  Siberia;  C.  birostratita 
(Fischer.  sp.),near  Charkow,  Russia ;  0.  lacunc&  (Gu6rin,  sp.), 
near  Fontainebleau ;  C.  Middendorfflanfis  (Fischer,  sp.),  from 
Siberia  and  Lapland. 

The  last  appears,  however,  to  belong  rather  to  our  Branchi- 
necta,  and  0.  lacunce  ought,  perhaps,  to  form  the  type  of  a  dis- 
tinct genus,  since  it  lacks  the  complicated  appendages  of  C 
diaphanus.  This  reference  of  C7.  birostratiLS  is  also  scarcely 
satisfactory ;  it  may  be  nearer  to  our  JEttbranchiptia. 

SuB&ANGHiFUS,  gen.  nov. 

Body  robust,  with  eleven  pair  of  natatory  appendages.  Male 
with  large  head  and  very  stout  claspers ;  first  joint  of  clasper 
much  swollen,  capable  of  retracting  the  basal  portion  of  the 
second  joint  into  their  cavity ;  second  joint  stout  at  base ;  in 
the  typical  species  with  a  large  tooth  on  the  inside,  the  outer 
portion  tapering,  rather  obtuse. 

Front  of  head,  between  the  bases  of  the  claspers,  bears  two 
thin,  fiat,  tapering  appendages,  serrated  on  the  edges  and 
transversely  striated  or  jointed.  Caudal  appendages  long 
lanceolate,  with  numerous  plumose  sets.  Egg-pouch  short 
and  thick,  swollen  and  broad-oval. 

Besides  the  following  species  this  genus  appears  to  include 
BranchiptLS  apinosus  Edw.,  from  a  salt  lake  near  Odessa,  but 
the  latter  appears  to  have  no  tooth  ai  the  base  of  the  second 
joint  of  the  claspers.    • 

BUBRAirOHIPDB  TBRNAIJ8  VenUl. 

JBranc/iipiM  verwdis  Yerrill,  op.  cit.,  p.  251, 

Form  rather  stout,  large ;  the  full  grown  females  are  23"" 

A.  A.  A.  8.  VOL.  XVin^  31 
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Tig.  5* 


(.90  of  an  inch)  long,  the  abdomen  being  14"^ ;  and  6.5"" 
wide  across  the  branchial  organs  in  their  natoral  position; 

breadth  of  bead  across 
the  eyes  4™",  A  large 
male  is  22""  (.86  of  an 
inch)  long,  the  body 
12"» ;  the  breadth  of 
head  across  eyes  5"" ; 
the  entire  length  of 
claspers  8"".  The 
claspers  ajre  Tery  large 
and  strong,  the  basal 
joint  much  swollen 
with  a  soft  integmnent, 
capable  of  retracting 
the  basal  portion  of 
the  second  Joint  into 
itself  by  inyolntion  of 
its  outer  edge ;  the  sec- 
ond joint  is  elongated,  broad  and  stout  at  base,  with  an  angle 
on  the  outside,  firom  which  it  rapidly  nar-  piir  e  t 

rows  by  strongly  concave  outlines  on  each 
edge,  but  most  so  on  the  outside ;  at  the 
constricted  portion,  not  far  Arom  the  base, 
it  bears  a  large,  strong,  very  prominent, 
crooked,  bluntly  pointed  tooth,  which  is 
directed  inward  and  backward,  not  serrate 
on  its  outer  side ;  beyond  the  tooth  the 
rest  of  the  Joint  is  long  and  rather  slen- 
der, curved  outward  and  forward  at  base, 
having  just  beyond  the  tooth  on  the  inside 
a  distinct  but  very  obtuse  rounded  angle, 
trom  which  the  outline  slightly  curves  in- 
ward to  near  the  tip,  which  is  a  little  dila- 
ted and  recurved.  The  basal  portion,  in*i 
eluding  the  tooth,  is  retracted  into  tho  first  Joint  in  some 

*Figare  6.— Head  of  EubrancMpus  vematU,  i^a)e]  a,  serrated  organs  between 
the  bases  of  the  claspers;  fr,  second  Joint  of  olaspers;  c,  flrst  Joint,  with  the  basal 
IK>rtlon  of  the  second  Joint  somewhat  retraote^  ii|ta  its  cayity. 

t  Figure  6.  —  Caudal  appendages  of  the  same  specimen.  Both  figures  are  from 
camera-lucida  figures  by  t\^^  author,  ei^Jarg^  six  ^i^eters. 
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Bpecimens.  On  the  front  of  the  head  between  the  basal  joints 
of  the  claspers  are  two  flat,  lanceolate,  short,  ligulate,  fleshy 
processes,  with  finely  serrate  edges,  nsnally  coiled  down,  but 
when  extended  scarcely  more  than  half  as  long  as  the  basal 
joint  of  the  claspers.  Antennae  small  and  very  slender,  taper- 
ing, reaching  a  little  beyond  the  eyes.  Caudal  appendages 
long,  rather  narrow,  slightly  swollen  at  base,  gradually  taper- 
ing to  the  acute  tips,  and  bearing  along  the  sides,  except 
at  base,  very  numerous,  long  plumose  setae.  Egg-pouches 
short,  broad-oval,  nearly  as  wide  as  long,  slightly  three-lobed 
.posteriorly,  the  central  lobe  largest,  sides  extended  and 
largely  adherent  to  the  sides  of  the  abdomen,  length  4"^ ; 
breadth  3.5.  Body  flesh-color  or  pale  red,  the  intestine  darker 
red  or  greenish. 

A  large  male  gives  the  following  measurements :  length  of 
first  joint  of  claspers  4.62°™ ;  diameter  2.40 ;  length  of  second 
joint  4.14 ;  breadth  at  base  1.90 ;  at  tooth  .72 ;  in  middle  .52 ; 
length  of  tooth  .90 ;  its  diameter  .33 ;  length  of  caudal  ap- 
pendages 4 ;  breadth  at  base  .33 ;  in  middle  .20 ;  length  of 
sets  2  ;  length  of  antennae  3. 

New  Haven,  in  stagnant  pools, — J.  D.  Dana,  D.  C.  Eaton, 
A.  E.  Verrill;  Salem,  Mass.,  April  19,  1859,— B.  H.  Wheat- 
land, C.  Ck>oke  (from  Essex  Institute)  ;  Cambridge,  Mass., — 
A.  E.  Verrill. 

This  differs  widely  from  all  the  described  species  of  Europe, 
in  the  character  of  the  claspers  of  the  male  and  their  appeii- 
dages.  E.  spinosa  resembles  our  species  somewhat  in  the 
frontal  appendages  between  the  claspers,  but  lacks  the  con- 
spicuous tooth  at  the  base  of  their  second  joint.  The  shape 
of  the  egg-pouch  in  our  species  is  also  characteristic* 

This  is  doubtless  the  species  referred  to  by  Dr.  Gould  under 
the  name  of  Branchipwi  stagnalia.*  Dekayf  copied  the  diag- 
nosis of  B.  stagnodia  (  f)  from  a  foreign  work,  and  gave  a  fig- 
ure of  Ckirocep?ialua  diaphantu^  copied  apparently  from  Des- 
marets,  pi.  56,  which  is  itself  a  copy. 

This  species  appears  very  early  in  spring,  often  in  great  num- 
bers, in  quiet  pools.    I  have  never  seen  it  later  than  the  middle 

*  Inyertelnrate  of  MuaaohiiBetts,  p.  888. 

r  Matnna  Hiitory  of  New  York,  Zoology,  Part  I,  Cntstaoaa,  p.  68,  pi.  iz,  llg.  86. 
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Fig.  7.* 


of  May,  yet  since  the  indiyiduals  seen  in  early  spring  are  fbll- 
grown,  it  might,  doubtless,  be  found  also  in  autumn. 

BBAKGHnfBOTA  Yenffl,  op.  cit.,  p.  250. 

Form  rather  slender,  with  the  median  appendages  longest, 
so  as  to  somewhat  resemble  Artemia  in  outline,  but  larger. 
Male  with  rather  slender,  pointed,  rounded,  two-jointed  clas- 
pers ;  the  basal  joint  somewhat  enlarged,  with  an  oblique  row 
of  small  teeth  on  the  inner  side;  the  second  joint  curved, 
tapering,  the  inner  edge  usually  finely  serrulate.  Front  of  head 
and  base  of  claspers  without  other  appendages  of  any  kind. 
Caudal  appendages  slender,  or  narrow  lanceolate,  fringed  with 
plumose  setse.  Egg-pouch  much  elongated,  and  in  some,  if 
not  all  species,  with  lateral  lobes  at  base. 

Brakchimbcta  ARcncA  Verrill. 

Branchipus  (Branchinecta)  arctictts  Verrill,  op.  clt.,  p.  253,  1869. 
Branchipus  paludosus  Packard,  Invertebrate  Fauna  of  Labrahor,  in 
Mem.  Boston  See.  Natural  History,  1,  p.  295  (non  Mtiller). 

Form  slender ;  body  short ;  abdo- 
men elongated.  A  fhll  sized  male  is 
20"*"  (.80  of  an  inch)  long,  exclu- 
sive of  the  claspers,  the  abdomen 
being  13°*°* ;  the  breadth  between  the 
eyes  3°°°.  A  female  20""  long,  with 
the  abdomen  12"",  has  an  egg-pouch 
6.2  long.  Branchial  "feet**  slender, 
elongated,  the  middle  ones  longest,  4 
to  5""  long  when  extended.  Clas- 
pers of  the  male  (fig.  7  a)  rather  long 
and  slender ;  the  basal  joint  is  but 
little  swollen,  elongated,  regularly 
curved,  with  a  small  tooth  or  prom- 
inent angle  at  the  articulation  on  the 
inside,  and  on  the  inner  side  a  row 
of  numerous  small,  distinct,  sharp 
teeth,  extending  from  the  articulation  about  half  way  to  the 
base,  and  arranged  somewhat  obliquely ;  second  joint  slender, 

*rigiire  7. — a,  head  of  B.  arcUca^  male,  showing  the  Jaws,  eyes  and  claspers ;  6, 
same  of  B,  Grcmiandioa,  except  that  the  jaws  are  omitted. 
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r^ularly  curved,  tapering  to  a  blunt  point,  the  inner  edge 
minutely  serrulate.    Front  simply  curved  with  no  appendages. 
Antennfie  slender,  scarcely  more  than  half  the  length  of  the 
Tig  8  •       basal  joint  of  the  claspers.    Labrum  long  and  nar- 
row, mandibles  stout,  strongly   curved,  bluntly 
pointed.    Caudal  appendages  (fig.  8)  slender  lan- 
ceolate, rather  small,   with    long  slender  setse. 
Egg-pouch  (fig.  9)  much  elongated,  slender,  sub- 
cylindrical,  beaked  or  slightly  bilobed  at  the  end, 
the  upper  or  dorsal  lobe  longest;  basal  portion 
with  two  small  rounded  lateral  lobes. 

A  large  male  gives  the  following  measurements : 
breadth  between  outer  extremity  of  eyes  8.46"*" ; 
diameter  of  eyes  .66 ;  length  of  basal  joint  of  claspers  1.66  ; 
breadth  .71 ;    length   of   second  joint 
1.29  ;  breadth  at  its  base  .46  ;  width  of  ^' 

mandibles  at  middle  .66 ;  length  of  cau- 
dal appendages  .96;  breadth  at  base 
.16  ;  length  of  longest  setae  .84  to  1*"". 
Color  of  preserved  specimens  pale 
reddish,  with  dark  green  intestine.  Lab- 
rador, at  <^ Indian  Tickle*'  on  the  north 
shore  of  In vuctoke  Inlet,  abundant  in  a 
pool  of  fresh-water. — Dr.  A.  S.  Packard. 
Dr.  W.  Baird  in  Ann.  and  Mag.  Nat. 
Hist.,  vol.  14,  1854,  p.  228,  mentions 
imperfect  specimens  of  a  species  brought 
from  Cape  Krusenstem  by  Sir  John  Richardson,  which  were 
probably  of  the  present  species.  It  was  found  with  Aptis 
gladalis. 

Bbanohinbcta  Gbcbnuindica  Venill. 

Branchipus  (Branchinecta)  Orcenlandicua  VerriU,  op.  cit.,  p.  258. 

A  little  stouter  than  the  last ;  the  largest  male  is  17™"  long 
exclusive  of  claspers,  the  abdomen  being  10"^,  including  cau- 
dal appendages.    Claspers  similar  to  those  of  B.  arcHca  but 

*  Figure  8.  —  Caudal  appendages  of  B.  aretica,  male. 

t  Figure  9.  — Egg'ponch  of  C.  arctica,  coDtainiog  eggs.  All  these  flgnres  are 
from  camera-lneida  drawings  by  the  author,  enlarged  seren  diameters. 
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more  elongated,  the  basal  joint  less  conred,  and  the  seocmd 
Tig.  10  *       ^^^  longer,  less  regularly  cnrred,  tapering  mom 
quickly  at  base  and  consequently  more  attenuated 
beyond  the  middle  and  with  more  slender  tips, 
which  are  nearly  strai^t.      The  tooth  on  the 
inside  of  the  first  joint  is  rather  more  promi- 
nent, but  the  row  of  teeth  along  the  inside  is 
similar.      Caudal   appendages  stouter,  tapering 
more  rapidly.    External  male  organs  slender, 
cunred  outward,  swollen  at  base.    The  largest 
female  is  not  mature  and  the  egg-poudi  contains 
no  eggs ;  it  is  small,  slender,  elongated,  snbcylindrieal«  bealrfd 
at  the  end. 

The  largest  male  gives  the  following  measurement :  breadth 
between  eyes  8.20'°"' ;  length  of  basal  joint  of  claspers  2.81 ; 
breadth  .95 ;  length  of  second  joint  2.24 ;  its  breadth  at  base 
.76 ;  length  of  caudal  i^pendages  .86 ;  width  at  base  .24 ; 
Length  of  sete  .76. 

Greenland. — Dr.  Chr.  Liitken  (from  the  University  Zoologi- 
cal Museum,  Copenhagen). 

Of  this  species  I  have  seen  but  four  specimens,  whidb  were 
sent  to  Dr.  A.  S.  Packard  by  Dr.  Lutken,  under  the  name  of 
B.  paludosuB  Miiller.  The  latter  appears  to  be  quite  distinct, 
judging  from  the  figures;  it  is  represented  as  having  very 
slender,  linear,  caudal  appendages.  In  the  form  of  the  egg- 
pouch,  and  the  serration  of  the  first  joint  of  the  claspers  it  is 
similar. 

This  species  is  very  closely  allied  to  J3.  orctioa,  and  when  a 
larger  series  of  specimens  can  be  examined  it  may  prove  to  be 
only  a  local  variety,  but  the  specimens  studied  show  differences 
that  seems  to  warrant  their  separation. 

Branchinecta  pcUudoaa  (Branchiptis  paiudomia  Mull.)  is  also 
a  northern  species  of  this  genus,  allied  to  the  fwo  preceding, 
but  differing  from  both,  according  to  the  figures  and  descrip- 
tions, as  mentioned  under  the  last.  B.  ferox  (Branchipus  ferox 
Edw.,  Crust.,  iii,  p.  869)  is  from  fi*esh-water  near  Odessa. 
The  description  is  so  brief  and  imperfect  that  its  generic  affini- 

*  Figure  10.  ~  Caudal  appendages  of  BraneMneda  Ortsniandka  V.,  male,  en- 
larged seyen  diameters. 
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ties  cannot  be  made'  ont  with  perfect  certainty,  but  it  agrees 
better  with  this  genus  than  with  any  other.  B.  Middendorff- 
ana  (Fischer  sp.)  from  Siberia  and  Lapland,  may  also  be- 
long here. 


2.  On  the  Trekd  of  the  Bockt  Mountaik  Rakgb  North 

OF   IiAT.    60®  AKD  ITS   InFLTTEKCE    ON   FaUNAL  DiSTBIBU- 

TiON.    By  W.  H.  Dall  of  Washington,  D.  C. 

About  latitude  60®  north,  this  great  range  nearly  approaches 
the  coast  range,  and  about  latitude  64®  bends,  in  a  confbsed 
mass  of  mountains,  trending  with  the  coast  to  the  south  and 
westward,  and  gradually  coalescing  and  becoming  merged  with 
the  Alaskan  Range,  which  forms  the  backbone  of  the  pehin- 
BQla  of  Aliaska. 

To  the  north  of  this  there  are  no  considerable  elevations 
worthy  of  the  name  of  mountains,  except  a  few  peaks  of  the 
Romanzoff  Mountains.  All  the  ranges  of  hills  and  mountains 
have  the  same  general  trend. 

Bering  Strait  is  only  thirty  fathoms  deep,  and  although 
there  is  a  deep  ocean  valley  culminating  in  the  mouth  of  Plover 
Bay  to  the  wei^tward  of  the  strait,  yet  an  elevation  of  one 
hundred  and  eighty  feet  would  unite  Asia  and  America  with  a 
dry  plateau  offering  no  obstacles  to  the  migrations  of  animals 
and  plants. 

The  old  maps  all  represent  the  Rocky  Mountains  as  extend- 
ing to  the  shores  of  the  Arctic  Ocean,  but  this  is  incorrect. 
The  effect  of  this  bend  of  that  chain  is  to  have  a  high  broken 
plateau  to  the  northward,  by  which  the  east^n  birds,  &c.,  pass 
to  the  shores  of  Bering  Sea,  while  the  characteristic  west 
coast  fauna  is  almost  entirely  excluded,  though  we  have  birds 
hitherto  known  from  Europe,  Siberia  and  Polynesia,  breeding 
at  the  Yukon  mouth  with  Ampelis  gamUuSy  Colaptes  auratus 
and  other  eastern  birds,  while  the  eastern  pike  (Esox  estor) 
reaches  to  tide  water  in  the  Yukon.  In  fact  the  whole  fauna 
has  strongly  marked  Canadian  characteristics,  which  are  lost 
when  we  pass  south  of  the  Alaskan  Range, 
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III.    BOTANY. 

1.  Thb  Rocky  Mountaih  Alpike  Region.    By  C.  C.  Pabbt, 
of  Washington,  D.  C. 

Thb  wooded  belt  of  coniferous  trees  that,  with  irregdlar  local 
interruptions,  clothes  the  Rocky  Mountain  slopes,  commenceB 
by  a  somewhat  scattering  growth  near  their  base,  at  an  average 
elevation  of  six  thousand  feet  above  the  sea.  This  belt  ac- 
quires its  densest  growth,  and  exhibits  the  greatest  number  of 
distinct  species,  between  seven  thousand  and  nine  thousand 
feet  elevation,  and  terminates  by  an  abrupt  well  marked  line 
at  an  average  height  of  eleven  thousand  three  hundred  feet. 

These  plainly  recognized  features  are  readily  explained  by  . 
reference  to  the  corresponding  climatic  conditions  here  exhibi- 
ted. Thus  the  growth  is  most  dense  and  varied  where  the  ex- 
posures present  a  suitable  condensing  surface,  and  where  there 
is  the  greatest  and  most  regular  amount  of  aqueous  precipita- 
tion, caused  by  a  mingling  of  the  cool  descending  currents  of 
air  from  the  higher  elevations  meeting  the  warm  ascending 
currents  charged  with  moisture  from  the  heated  plains  below ; 
at  this  irregular  point  of  junction  summer  ndns  and  dews  are 
frequent,  and  the  conditions  fbr  arborescent  growth  are  most 
favorable.  At  still  higher  elevations  the  actual  limit  of  tree 
growth  is  determined  by  conditions  of  temperature,  which  sat- 
isfactorily explain  the  peculiar  features  of  vegetation  here  met 
with. 

Most  noticable  of  these  is  the  singular  abruptness,  by  which 
this  limit  of  upright  tree  grovrth  is  here  niarked.  You  are 
struggling  through  a  tangled  maze  of  fallen  timber  and  dense 
underbrush,  overshadowed  by  taU  trees,  with  spreading  roots 
bedded  in  a  saturated  spongy  soil,  when  suddenly,  without  any 
sensible  dwarfing  of  intermediate  forms,  you  come  upon  open 
spaces,  where  stunted  trees  fantastically  gnarled  and  twisted, 
with  depressed  flattened  summits,  offer  little  obstruction  to  the 
open  view  above.  Through  these  obstructions,  stepping  on 
the  very  tops  of  matted  trees  which  a  few  rods  below  rear 
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their  pointed  spires  to  a  height  of  thirty  to»  forty  feet,  you 
come  upon  the  bare  alpine  slopes,  which  continue  with  vari- 
ously interrupted  rocky  exposures  to  the  dividiug  ridge  two 
thousand  to  twenty-five  hundred  feet  higher. 

In  the  absence  of  any  continuous  meteorological  observa- 
tions at  or  above  the  timber  line,  the  most  satisfactory  expla- 
nation of  the  peculiar  features  here  presented  is  this:  The 
Bo-calied  timber  line  marks  the  extreme  point  of  minimum 
winter  temperature  below  which  no  exposed  phenogamous 
vegetation  can  exist.  All  that  survives  above  this  point  does 
BO  by  submitting  to  a  winter  burial  of  snow,  beneath  which 
protecting  cover  it  is  enabled  to  maintain  its  torpid  existence. 
The  early  autumnal  fall  of  snow  commences  in  the  latter  part 
of  September  and  receives  constant  additions  through  the  fall 
and  winter  months,  during  which  it  retains  its  light  feathery 
texture,  and  is  not  sensibly  wasted  by  melting  till  the  clear 
lengthening  days  of  early  summer  dissolve  them  rapidly,  giv- 
ing origin  to  the  dashing  streams  that  pour  down  the  upper 
valleys. 

It  is  the  pressure  of  this  accumulating  weight  of  snow  that 
gives  the  fantastic  shape  to  the  tree  vegetation,  that  struggles 
for  existence  above  the  well  marked  timber  line,  and  we  can 
readily  note  instances,  here  and  there,  where  from  some  pecu- 
liar condition  of  wind,  or  a  limited  amount  of  winter-snow  in 
particular  seasons,  points  and  patches  of  dwarfed  tree  growth 
being  left  unprotected,  have  been  blasted  and  destroyed. 
Otherwise  we  can  observe  still  more  frequently  where  ambi- 
tious upper  branches  projecting  into  th^  sunlight  of  this  Arctic 
winter,  have  been  nipped  and  killed.  In  these  unmistakable 
signs  of  the  struggle  for  vegetable  existence  are  also  exhibited 
some  of  the  most  peculiar  and  marked  features  of  the  Alpine 
scenery.  This  dwarfed  tree  growth,  persisting  above  the  tim- 
ber line,  is  as  we  might  naturally  suppose  confined  to  sheltered 
valleys,  or  on  the  lea-side  of  abrupt  rocks,  where  the  drifted 
snow  lies  heaviest.  The  point  of  greatest  snow  accumulation 
is  mainly  determined  by  the  shelter  afforded  along  the  upper 
line  of  the  timber  growth,  at  which  locations  the  siiow  drifting 
from  the  bare  spaces  above  is  lodged,  hence  early  in  the  thaw- 
ing season,  these  locations  offer  the  principle  obstructions  to 
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travel,  presenting  treacherous  fields  of  snow,  often  overarching 
rushing  torrents ;  here  also  the  vegetation  is  longest  delayed, 
and  is  comparatively  meagre.  It  is  on  the  more  open  expo- 
sures above  that  the  alpine  flora  offers  its  greatest  variety,  and 
most  attractive  features,  and  through  a  brief  flowering  period, 
extending  from  June  to  September,  presents  a  succession  of 
forms  and  colors,  attractive  to  the  eye  of  a  naturalist,  and  such 
as  is  nowhere  else  so  comprehensively  exhibited.  As  these 
alpine  plants  owe  their  existence  to  the  protection  afforded  by 
winter  snow,  they  naturally  include  a  number  of  species  that 
also  flourish  at  lower  elevations.  Thus  in  the  accompanying 
list  of  alpine  plants,  out  of  one  hundred  andforty-ttoo  species, 
I  note  fifty-six  as  exclusively  confined  to  the  alpine  exposures. 
The  usual  characters  of  alpine  plants  here,  as  elsewhere  ex- 
hibited, consist  in  a  dwarfed  habit  of  growth,  late  period  of 
fiowering  and  early  seeding,  the  forms  being  almost  exclusively 
perennial. 

Of  Fhenogamous  plants  persisting  to  the  highest  elevations, 
reaching  to  fourteen  thousand  feet  and  upwards,  we  may  enu- 
merate the  following :  TMaapi  cachleaHfomiey  OlayUmia  meg- 
arrhiza,  TrifoUum  nanuniy  Oxytropis  arctica^  Saxifraga  serpyUi- 
folta,  Androsace  chamcejasmey  Chionophila  Jamesii,  Eritrichium 
aretioides,  Polemonium  confertumj  Oentiana  frigida^  Salix  reti- 
culata^ Lloydia  serotinay  Luzvla  spkata^  Carex  incurvaj  Poa 
arctica. 

Of  the  thirty-four  natural  orders  represented  in  the  alpine 
fiora,  thirty-one  belong  to  PhenogaTnous  plants,  the  remaining 
three  include  the  higher  orders  of  Cryptogams^  of  the  latter. 
Ferns  are  represented  by  a  single  species,  not  exclusively  al- 
pine {Cryptogramme  acrostichoides  R.  Br.).  Mosses  are  more 
numerously  represented,  but  are  still  comparatively  rare,  while 
Lichens  are  most  abundant  and  afford  the  greatest  number  of 
species. 

Of  the  Fhenogamous  orders  twenty-seven  belong  to  Dicoty- 
ledonSy  four  to  Monocotyledons,  Of  these  the  natural  order, 
CompositoB,  comprises  the  largest  number  of  species,  viz.: 
twenty-four  included  in  thirteen  genera;  ManunctUacece  has 
five  genera,  seven  species  ;  CruciferoR^  five  genera,  six  species ; 
CaryophyUaceoSy  five  genera,  six  species;  LeguminoaecB,  two 
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•  genera,  four  species ;  BosacetB^  four  genera,  five  species ;  Sdxir 
fragaceas^  two  genera,  nine  species ;  PrimvJacecB^  two  genera, 
four  species  ;  Scrofulariacece,  six  genera,  ten  species ;  Gentian- 
aceoe,  two  genera,  six  species;  ScUicacece^  one  genus,  four 
species ;  Coniferece^  three  genera,  five  species ;  Juncaceoe^  two 
genera,  seven  species;  Cyperaceoe,  one  genus,  four  species; 
Oraminece^  five  genera,  nine  species.  Of  large  families  en- 
tirely unrepresented,  we  may  note  Solanacece^  LdbicUece, 

The  superficial  extent  of  these  bare  alpine  exposures  can 
only  be  approximately  estimated  in  the  absence  of  any  exact 
topographical  measurements.  Taking  the  main  mountain  mass 
extending  through  Colorado  Territory,  or  between  37°,  and 
41°,  north  latitude,  including  the  high  ofilsets  and  detached 
peaks,  rising  above  eleven  thousand  feet,  it  would  be  safe  to 
allow  an  average  width  of  five  miles,  for  the  entire  distance,  in 
a  straight  line,  representing  in  round  numbers  an  area  of  &om 
twelve  hundred  to  fifteen  hundred  square  miles.  Throughout 
this  extent  there  is  great  uniformity  in  the  vegetation  pre- 
sented, though  agreeably  varied  by  the  difierent  exposures  or 
conditions  of  soil  and*  moisture.  Wherever  the  peculiar  tex- 
ture of  the  underlying  rock  has  favored  disintegration,  and  the 
accumulation  of  soil,  a  rich  alpine  sward  is  presented,  made  up 
of  densely  matted  grasses,  carices,  and  plants  adapted  to  pas- 
turage. Here  the  mountain  sheep,  the  elk,  and  the  Rocky 
Mountain  goat,  graze  during  the  summer  months,  and  the 
mountain  ptermigan,  and  dusky  grouse  feed  and  rear  their 
young.  When  once  made  accessible  it  will,  no  doubt,  aflbrd  a 
favorite  resort  for  summer  pasturage,  and  may  eventually  yield 
choice  dairy  products  equalling  those  of  the  Swiss  Alps,  or 
produce  delicate  fibrous  tissues,  rivalling  those  of  the  looms  of 
Cashmere. 

As  a  sanitary  retreat  during  the  summer  months  it  is  unex- 
celled in  the  purity  and  coolness  of  its  atmosphere,  the  clear- 
ness of  its  flowing  streams,  and  its  picturesque  extended  views. 
There  are  no  elevated  points  that  cannot  be  safely  ascended, 
and  dangers  from  snow  avalanches,  or  land  slips,  are  so  rare 
as  not  to  be  taken  into  consideration.  Of  the  high  culmi- 
nating points  met  with  in  the  district  under  review,  including 
Long's  peak  on  the  north,  and  the  Sierra  Blanca  on  the  south, 
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there  is  a  remarkable  uniformity  in  the  average  elevation ;  all  * 
as  far  as  accurately  measured  rising  above  fourt'Cen  thousand 
feet.  Gray's  peak  in  the  dividing  ridge,  which  is  now  a  point 
of  common  summer  resort,  so  far  carries  the  palm  in  an  eleva- 
tion of  fourteen  thousand  two  hundred  and  fifty-one  feet.  Its 
associate  peak  (which  it  is  most  earnestly  hoped  may  bear  the 
appropriate  name  first  proposed,  of  Torre^a  peaJc^  in  commem- 
oration of  the  early  botanical  labors  of  our  veteran  American 
botanist)  is  thought  to  be  somewhat  higher,  an  interesting 
point  which  will  no  doubt  be  determined  by  Professor  Whitney 
in  his  present  summer's  exploration  of  that  region. 

In  the  accompanying  list  of  alpine  plants,  published  some 
years  since  in  the  Transactions  of  the  St.  Louis  Academy  of 
Science,  I  confine  the  term  ^^  alpine"  to  such  plants  as  are  met 
with  on  the  bald  exposures  above  the  timber  line ;  by  a  (*) 
prefixed  I  would  indicate  those  species  which  are  exclusively 
confined  to  such  localities,  while  others  not  thus  marked,  are 
also  met  with  at  lower  elevations. 

The  subjoined  localities,  whenever  given,  denote  that  the  spe- 
cies referred  to,  is  not  peculiar  to  the  Kocky  Mountains,  but  is 
also  met  with  in  the  different  regions  there  named.  Eu.  indi- 
cating Europe,  and  As.  Asia. 

The  concluding  summary  embodies  the  general  results  of  my 
observations  in  the  Rocky  Mountain  alpine  district. 

Rocky  Mountain  Axpine  Plants. 

Manunculacece, — Anemone  narcissifiora,  L.  Eu,  As.;  A. 
Nuttalliana,  D.C. ;  Ranunculus  Eschscholtzii,  Schlecht,  Green- 
land; *R.  adoneus,  Gray;  Trollius  laxus,  SaUsb.  Eu.;  Caltha 
leptosepala,  D.C. ;  Aquilegia  brevistyla,  Hook. 

Cruciferce.  —  Cardamine  cordifolia,  Gray;  Erysimum  pumi- 
lum,  Nutt;  *Draba  crassifolia,  Graham;  D.  alpina,  L.  Eu.; 
♦Smelowskia  calycina,  C.  A.  Meyer,  As.;  Thlaspi  cochleari- 
forme,  D.C.  As. 

Fapaveracoe. — *  Papaver  alpinum,  L.  Eu.  As. 

Violaceoe.  —  Viola  bifiora,  L.  Eu.  As. 

CaryophyUaceoe. — Lychnis  apetala,  L.  Eu.  As.;  *Silene 
acaulis,  L.  Eu.  As.;  *  Paronychia  pulvinata,  Gray;  *Arenar 
ria  arctica,  Stev. ;  A.  Fendleri,  Gray ;  Cerastium  vulgatum, 
var.  Behringianum,  Gray. 
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Partulacacece. — *Cla3rtoiiia  megarrhiza,  Parry;  C.  Virgin- 
ica,  L.  var. ;  *  Talinum  pygmaBum,  Gray. 

Leguminoaece.  —  Trifolium  dasyphyllum,  Torr.  &  Gr. ;  *T. 
nanum,  Torr. ;  *T.  Parryi,  Gray ;  *OxytropiB  arctica,  R.  Br. 

Rosacece.  —  Sibbaldia  procumbens,  L.  Eu.  As.;  *Dryas  oc- 
topetala,  L.  Eu.  As.;  *  Geum  Rossii,  Ser.  As. ;  Potentilla  fas- 
tigiata,  Nutt. ;  *P.  nivea,  L.  As. 

Onagracece. — Epilobium  alpinum,  L.  Eu. 
GhroauJariaceoe. — Ribes   lacustre,   Poir.   var.    (R.   setosum, 
Dougl.). 

CrasulaceoB. — Sedum  rhodanthum,  Gray;  S.  Rhodiola,  L. 
Eu.  As. 

Saxifragacece. — Saxifraga  nivalis,  L.  Eu.;  *S.  cemua,  L. 
Eu.  As;  S.  controversa,  Stemb.  Eu.;  *S.  debilis,  Engel. ; 
*S.  serpyllifolia,  Ph.;  *S.  flagellaris,  Willd.  As.\  S.  punc- 
tata, L.  Eu.  As. ;  Parnassia  fimbriata,  Banks ;  P.  parviflora, 
D.C. 

UmbeUiferce. — *Cymopteru8  alpinus,  Gray;  Archangelica 
Gmelini,  DC.  As. 

AroliacecB. — Adoxa  moschatellina,  L.  Eu.  As. 
ComposUoe.  —  *  Erigeron  uniflorum,  L.  Eu.  As.;  E.  grandi- 
flonim,  Hook ;  Aster  glacialis,  Nutt. ;  A.  salsuginosus,  Rich- 
ards. As.;  Solidago  virgaurea,  L.  Eu.  As.;  *Aplopappus 
pygmseus,  Gray ;  *A.  Lyallii,  Gray;  *Actinella  grandiflora, 
Torr.  &  Gr. ;  A.  acaulis,  Nutt.  var. ;  Cheenactis  achilleaefolia, 
Hook  &  Am. ;  Artemesia  arctica,  Less.  As. ;  *  A.  scopulo- 
rum,  Gray;  Antennaria  alpina,  Gaertn.  Eu.;  Senecio  amplec- 
tens,  Gray ;  S.  triangularis.  Hook ;  *  S.  Soldanella,  Gray ;  S. 
Fremontii,  Torr.  &  Gr. ;  S.  integerrimus,  Nutt. ;  Arnica  an- 
gustifolia^  Yohl.  As.;  A.  mollis.  Hook ;  A.  latifolia,  Bongard ; 
*  Cirsium  eriocephalum,  Gray ;  Troximon  glaucum,  var.  dasy- 
eephalum,  Torr.  <&  Gr. ;  Macrorhynchus  troximoides,  Torr. 
&Gr. 

Campanulacece.  —  *  Campanula  uniflora,  L.  Eu.  As.;   C.  ro- 
tundifolia,  L.  Eu.  As. 

Ericaceae. — Vaccinium  myrtillus,  L.  var.  As.;  V.  caespito- 
sum,  Michx.  As. 
PlantagincLcece. — Plantago  eriopoda,  Torr. 
PrimuLacece. — *  Androsace  chamsejasme,  L.  Eu.  As.;  A.  sep- 
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tentrionalis,  L.  Eu.;  *  Primula  augostifolia,  Torr ;  P.  Parryi, 
Gray. 

Scrophvlariaceoe. — Pentstemon  glaucus,  Graham ;  *P.  Har- 
bourii,  Gray ;  *  Chionophila  Jamesii,  Benth. ;  Mimulus  lateus, 
L.  var.  alpinas ;  *  Synthyris  alpina,  Gray ;  *  Castilleia  breyi- 
flora,  Gray ;  C.  pallida,  Eonth.  var. ;  *  Pedicularis  Parryi, 
Gray;  *P.  Sudetica,  Willd,  Eu.  As.;  P.  Groendlandica,  Betz. 

BoragincLcece.  —  *Eritrichium  aretioides,  D.C.  As.;  Merten- 
sia  alpina,  Don. ;  M.  Sibirica,  Don.  As. 

Hydrophyllaceoe .  —  Phacelia  sericea,  Jacq. 

Polemoniacece, — Polemonium  pulchellum,  Bnnge.  As.;  *P. 
confertum,  Gray ;  *  Phlox  Hoodii,  Richardson ;  Gilia  congesta, 
Hook. 

Oentianaceoe. — Gentiana  acuta,  Michx. ;  *G.  barbellata, 
Engel ;  G.  prostrata,  Hfienk.  Eu.  As. ;  *  G.  frigida,  Hsenk. ; 
Eu.  As. ;  G.  Parryi,  Engel. ;  Swertia  perennis,  L.  Eu.  As. 

Polygoncxeoe. — Polygonum  bistorta,  L.  Eu.  As.;  P.  vivipa- 
rum,  L.  Eu.  As.;  Oxyria  digyna,  R.  Br.  Eu.  As.;  Eriogo- 
num  flavum,  Nutt. 

SalicaceoB. — *Salix  reticulata,  L.  Eu.  As.;  *S.  glauca,  L. 
Eu.  As.;  S.  arctica,  R.  Br.  Eu.  As.;  S.  discolor,  Willd.  Eu. 
As. 

Coniferce. — Abies  Engelmanni,  Parry;  A.  grandis,  Lindl. ; 
Pinus  aristata,  Engl. ;  P.  flexilis,  James ;  Juniperus  commu- 
nis, L.  Eu.  As. 

Idliacece. — Zygadenus  glaucus,  Nutt.  As.;  *Lloydia  sero- 
tina,  Reich.  Eu.  As. 

Juncacece — ♦Luzula  spicata,  D.C.  Eu.  As.;  L.  parviflora, 
DC.  Eu.  As.;  Juncus  Drumondii,  Meyer;  *Juncus  Hallii, 
Engel.;  *  J.  Parryi,  Engel;  *  Juncus  triglumis,  L.  Eu.  As.; 
*  J.  castaneus,  Sm.  Eu.  As. 

Cyperaceoe. — Carex  atrata,  L.  Eu.  As.;  C.  rigida,  Good.; 
*C.  incurva,  Lightf.  Eu.;  *C.  filifolia,  Nutt. 

GramineoB. — Phleum  alpinum,  L.  Eu.  As.;  *Poa  Andina, 
Nutt. ;  P.  alpina,  L.  Eu.  As.;  *  P.  arctica,  R.  Br. ;  P.nemoralis, 
L.  Eu.  As.;  Aira  csespitosa,  L.,  var.  arctica,  Thurb.  Eu.; 
Festuca  rubra,  L.  Eu.  As.;  F.  ovina,  L.  Eu.  As.;  Triticum 
strigosum,  Less.  As. 

FUices.  —  Cryptogramme  acrostichoides,  R.  Br. 
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Summary. 


1.  The  persistent  bodies  of  snow  which,  in  variable  amount 
at  different  seasons,  are  ordinarily  met  with  on  the  higher  ele- 
vations of  the  Rocky  Mountains,  do  not  indicate  a  region  above 
the  true  snow  line,  but  result  from  the  accumulation  of  drifted 
snow,  filling  up  recesses  and  sheltered  depressions  to  such  an 
extent  that  the  summer  sun  is  not  sufficient  to  melt  the  deeper 
portions,  which  thus  remain  from  year  to  year,  varying  in 
amount  according  to  the  quantity  of  fallen  snow,  or  the  char- 
acter of  the  .succeeding  summer  season  as  to  its  snow-melting 
pcrwer. 

2.  Henice,  we  hav^  no  constant  accumulation  of  snow  form- 
ing what  is  known  in  the  European  Alps  as  Neve,  the  pressure 
of  which  from  the  higher  elevations  gives  origin  to  glaciers. 

3.  In  the  absence  of  glaciers  and  heavy  snow  accumulations 
on  mountain  slopes,  we  do  not  encounter  the  usual  glacier 
phenomena  so  often  referred  to  in  the  European  Alps,  and 
only  meet  occasionally  with  avalanches  due  to  accidental  local 
causes.  , 

4.  The  winter  snows  being  of  the  light  character  pertaining 
to  the  higher  regions  of  the  atmosphere,  and  not  subject  to 
condensation  by  alternate  thawing  and  freezing  during  the 
season  of  their  occurrence,  are  thus  peculiarly  liable  to  the 
transporting  movements  of  the  prevailing  winds.  Hence  re- 
sults an  accumulation  of  snow  in  the  upper  valleys,  by  which 
these  frozen  treasures  of  winter  are  safely  stored  away,  to  be 
dispensed  in  fertilizing  streams  to  the  lower  valleys  during  the 
dry  warm  season,  when  most  required  for  agricultural  or  min- 
ing purposes. 

5.  The  peculiar  alpine  vegetation,  attaining  to  elevations  of 
fourteen  thousand  feet  above  the  sea  level,  is  enabled  to  main- 
tain its  existence  by  the  protection  afforded  by  the  ordinary 
winter  snows,  and,  in  the  more  sheltered  and  deeply  covered 
valleys,  includes  plants  which  flourish  also  at  much  lower  ele- 
vations. 

6.  The  true  timber  line,  everywhere  exhibited  as  a  well 
masked  horizontal  plane,  varying  in  elevation,  according  to 
the  degree  of  latitude  or  character  of  exposure,  from  ten 
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thousand  seven  hundred  feet  to  twelve  thousand  feet  above  the 
sea,  indicates  a  limit  beyond  which  the  minimum  winter  temp- 
erature is  destructive  of  all  exposed  phasnogamous  vegetation, 
and  whatever  in  the  form  of  tree  growth  persists  above  this 
point,  can  only  do  so  by  being  deeply  buried  in  the  accumula- 
tion of  winter  snow,  which  weighing  down  their  branches, 
gives  that  distorted  growth  pecular  to  such  localities. 

7.  In  the  accompanying  list,  comprising  one  hundred  and 
•  forty-two  species  of  alpine  plants,  fifty-six  are  noted  as  exclu- 
sively alpine,  or  confined  to  the  bald  alpine  exposures ;  eighty- 
four  species,  as  far  as  at  present  known,  are  peculiar  to  the 
Rocky  Mountain  range,  or  to  Northern  America,  while  the  re- 
maining fifty-eight  species  are  common  to  the  European  or 
Asiatic  Alps,  or  to  high  northern  latitudes  of  both  continents. 


2.  On  the  Sexes  of  the  Plaitts.    By  Thomas  Meehak  of 
Germantown,  Penn. 

In  my  paper  on  "  Adnation  in  Coniferse,"  r^ad  before  you 
last  year,  I  believe  I  established  the  fact  that  the  stronger  and 
more  vigorous  the  axial  or  stem  growth,  the  greater  was  the 
cohesion  of  the  leaves  with  the  stem.  By  following  the  same 
line  of  observation,  I  have  discovered  some  facts  which  seem 
to  me  to  afford  strong  probability  that  similar  laws  of  vigor  or 
vitality,  govern  the  production  oi  sexes  in  plants. 

If  we  examine  Norway  spruces  when  they  are  in  blossom  in 
the  spring,  we  find  the  male  fiowers  are  only  borne  on  the 
weakest  shoots.  The  female  flowers,  which  ultimately  become 
cones,  appear  only  on  the  most  vigorous  branches.  As  the 
trees  grow,  these  strong  shoots  become  weaker  by  the  growth 
of  others  above  shading  them,  or  by  the  diversion  of  food  to 
other  channels,  and  gradually  as  these  shoots  become  weaker, 
we  find  them  regularly  losing  the  power  of  producing  female 
fiowers.  The  law  in  this  instance  seems  very  clear,  tJicU  with  a 
weakened  vitality  comes  an  increased  power  to  bear  moUe  flovoers^ 
and  that  ordy  under  the  highest  conditions  of  vegetative  vigor 
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are  female  Jlowers  produced.    The  arbor-vite,  the  juniper,  the 
pine,  in  fact  all  the  different  genera  of  coniferse  that  I  have 
been  able  to  examine,  exhibit  the  same  phenomena,  but  the 
larch  will  afford  a  particularly  interesting  illustration.   *  When 
the  shoots  of  the  larch  have  a  vigorous  elongating  power,  the 
leaves   cohere  with  the  stem,  only  foliaceous  awns  give  the 
appearance  of  leaves.    But  when  they  lack  vigor — lose  the 
power  of  axial  elongation — true  leaves,  without  awns,  appear 
in  verticils,  at  the  base  of  what  with  more  vigor,  might  have 
been  a  shoot.    Every  one  is  familiar  with  these  clusters  of 
true  leaves  on  the  larch.    In  the  matter  of  sex  an  examina- 
tion of  the  tree  will  show  the  following  grades  of  vigor. 
First  a  very  vigorous  growth  on  towards  maturity,  or  the  age 
necessary  to  commence  the  reproductive  processes.    The  re- 
productive age  is  less  vigorous.     Taking  a  branch  about  to 
bear  flowers  we  find  somewhat  vigorous  side  branches,  with 
the  usual  foliaceous  awns.    The  next  year  we  find  some  of 
the  buds  along  these  side  branches  again  branch,  but  the  evi- 
dently weaker  buds,  make  only  spurs  with  leaf  verticils.    As 
these  processes  go  on  year  after  year,  the  verticils  become 
shaded  by  the  jiew  growths,  and  get  weaker  in  consequence, 
and  thus  in  the  third  year  some  of  the  strongest  of  these  verti- 
cils commence  to  bear  female  flowers,  or  a  few  of  the  weaker 
male  ones.    But'  only  in  the  fourth  or  fifth  year,  when  vitality 
in  the  spur  is  nearly  exhausted  do  male  flowers  abundantly  ap- 
pear.    The  production  of  male  flowers  is  the  expiring  effort  of 
life  in  these  larch  spurs.    They  bear  male  flowers  and  die. 

What  ia  true  of  Conifers  seems  also  to  exist  in  all  Moncd- 
cious  plants.  In  the  AmeTUacetB  the  male  flowers  appear  with 
the  first  expansion  of  the  leaf  buds  in  spring,  as  if  they 
were  partly  formed  during  the  last  flickerings  of  vegetative 
force  the  fall  before — but  a  vigorous  growth  is  necessary  before 
the  female  flowers  appear.  In  CoryluSy  Carpinus^  QaercuSy 
JuglanSj  Alrnts^  and  I  believe  all  the  common  forms  of  this 
tribe,  we  find  the  female  fiowers  only  on  the  strongest  young 
growths,  and  only  at  or  near  the  apex  of  the  first  great  wave 
of  spring  growth,  as  if  it  were  the  culmination  of  a  great  veg- 
etative effort  which  produced  them  instead  of  the  decline  as  in 
the  male.    Some  of  these  plants  have  several  distinct  waves  of 
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growth  a  year,  each  successively  decreasing  in  vigor.  In  such 
cases  the  female  flowers  appear  at  the  apex  of  the  first  and 
strongest  wave,  and  not  on  the  apex  of  the  shoot.  This  bean- 
tiful  illustration  of  the  connection  of  vigor  and  the  sexes  can 
be  seen  particularly  in  some  oaks,  and  in  Piniis  pungens^  P. 
mitis^  P.  rigida  and  P.  inopa.  In  the  larch  and  white  spruce 
a  second  wave  will  often  cause  a  spur  to  elongate,  late  in  the 
growing  season,  and  even  cause  a  shoot  to  push  from  the  apex 
of  the  young  cone.  It  is  essential  to  note  these  varying  waves 
of  vigor,  in  one  season's  growth,  and  that  the  apex  is  not 
always  the  strongest  point.  In  Cffperaceoe^  particularly,  these 
waves  vary,  and  thus  we  find  sometimes  the  male,  sometimes 
the  female  flowers  at  the  apex  of  the  culm,  but  always  the  fe- 
male in  the  line  of  greatest  vigor.  I  do  not  know  of  any  case 
where  the  sexes  are  separate  on  the  same  plant,  that  extra 
vigor  does  not  accompany  the  female,  and  an  evidently  weak- 
ened vitality  the  male  parts. 

Mere  vigor,  however,  though  it  often  indicates  healthy  vital- 
ity, does  not  always,  or  alone  do  so.  Pinus  Mugho  seldom 
attains  ten  feet  high,  and  its  shoots  are  not  near  as  vigorous  as 
its  near  relative  Pinus  sylvestris,  yet  it  commences  its  bearing 
age  by  a  free  and  vigorous  production  of  female  flowers.  But 
power  of  endurance  is  a  test  of  strong  vitality,  and  an  alpine 
form  should  possess  this  in  a  high  degree.  In  its  relation  to 
sex  this  form  of  vitality — endurance — will  also  have  an  in- 
terest. The  vitality  of  a  tree  is  always  more  or  less  injured 
by  transplanting.  Sometimes  it  is  so  injured  that  leaves  nev^ 
push  again,  and  it  always  pushes  out  later  than  if  it  had  not 
been  moved,  and  just  in  proportion  to  the  injury  to  vitality  is 
thie  lateness  of  pushing.  Clearly,  then,  comparative  earliness 
of  leafing,  is  a  test  of  vigorous  vitality.  Now  some  Norway 
spruces  push  forth  earlier  than  others.  There  is  as  much  as 
two  weeks  difference  between  them,  and  it  is  remarkable  that 
those  which  push  out  the  earliest — may  we  not  say  those 
which  have  been  most  favored  by  the  vital  force — are  the  most 
productive  of  female  blossoms.  Arboriculturists  may  make 
good  use  of  this  fact.  Norway  spruces  which  have  a  drooping 
habit,  are  the  heaviest  cone  bearing  forms.  No  way  has  hith- 
erto been  discovered  to  detect  them  until  they  get  to  a  bearing 
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age.    Now  it  will  be  seen  that  the  earliest  leafers  will  be  the 
chief  cone  bearers  or  weeping  trees. 

It  is  not  so  easy  to  see  the  influence  of  vigor  or  other  forms 
of  high  vitality,  as  affecting  the  sexes  in  hermaphrodite  as  in 
Monoecious  plants,  yet  here  also  are  some  remarkable  facts  of 
a  similar  character.    In  some  flowers  the  forces  which  govern 
the  male  and  female  portions  respectively,  seem  nearly  equally 
balanced.     Then  we  have  a  perfect  hermaphrodite — one  with 
the  stamens  and  pistils  perfect,  each  part  communicating  its 
influence  to  the  other — a  self-fertilizing  flower.    In  many  spe- 
cies, however,  we  notice  a  tendency  to  break  up  this  balance. 
It  becomes  pistillate  or  staminate,  by  the  greater  development 
of  one  force  or  the  other.    If  the  force  is  in  the  female  direc- 
tion, it  begins  by  requiring  the  pollen  from  some  other  flower 
to  fertilize  itself — if  in  the  male  direction,  the  number  of  sta- 
mens or  petals  is  increased,  or  the  one  metamorphosed  into  the 
other.     The  interest  for  us  in  this  sexual  question  is  to  note 
that  just  in  proportion  as  the  sexes  diverge  in  this  manner,  in 
just  the  same  proportion  does  vigor  or  some  other  form  of 
strong  vitality  accompany  the  female  in  the  one  case,  and 
weakness  the  male  in  the  other.     For  instance  in  the  male 
direction,  when  the  stamens  have  been  turned  into  petals,  or 
the  number  of  petals  increased,  growth  is  never  so  strong,  and 
life  is  more  endangered.    Double  camdlias,  roses,  peaches, 
and  other  things,  have  to  be  grafted  on  single  ones  in  order  to 
get  them  to  be  more  vigorous  growing  plants,  and  every  florist 
knows  how  difl^cult  it  is  to  get  roots  from  a  double  flowered 
cutting  than  a  single  one.     Sometimes   the  male  principle, 
which  loves  to  exhibit  itself  in  the  gay  coloring  of  the  petals, 
seems  to  influence  the  leaves,  and  they  become  colored  or  vari- 
egated, and  then  also  a  weakened  vitality  follows.     Variegated 
box,  variegated  Eaonymus  —  no  variegated  plant  will  grow 
as  freely,  endure  summer's  heat  or  winter's  cold  so  well,  as 
its  regular  green  leaved  form.    On  the  other  hand,  when  the 
balance  goes  over  in  the  female  direction,  we  see  it  character- 
ized by  greater  vigor  than  before.    li  has  long  been  noted  that 
pistillate  varieties  of  strawberries  are  more  prolific  than  the 
hermaphrodites,  though  this  is  modified  according  to  the  dispo- 
sition of  the  variety  to  produce  runners,  which  are  really  but  a 


260  B.   NATURAL   HISTOST. 

fonn  of  viviparous  flower  branches,  and  thns  a  legitimate  part 
of  the  female  system.  So  in  Viola^  where  we  have  many  forms 
of  female  influence,  from  the  underground  stolon,  or  the  creep- 
ing runner  which  propagates  without  impregnation,  to  the  apet- 
elous  flower  which  mature  seeds  o»  the  smallest  possible 
quantity  of  pollen,  up  to  the  perfectly  formed  hermaphrodite 
flower  of  spring — all  regular  and  gradual  grades  of  one  iden- 
tical female  principle ;  in  contrast  with  species,  which  through- 
out maintain  a  near  connection  with  the  male  principle  by 
retaining  pure  hemaphrodite  flowers  through  their  whole  stage, 
we  flnd  those  possessed  of  the  highest  types  of  vitality  which 
are  evidently  the  most  under  the  laws  of  female  influence. 

In  a  brief  paper  like  this  it  is  not  my  purpose  to  introduce 
more  of  the  facts  I  have  observed  than  will  sustain  the  proba- 
bility of  the  theory  I  have  advanced.  I  do  not  wish  to  urge  it 
for  adoption — my  object  is  to  excite  investigation  on  the  part 
of  other  observers,  who  will,  I  think,  find  everywhere  about 
them,  that  wherever  the  reproductive  forces  are  at  all  in  opera- 
tion, it  is  the  highest  types  of  vitcUUy  ordy  which  take  on  the  fe- 
male form. 

I  have  confined  myself  to  sex  in  plants,  botany  being  my 
special  study.  Do  the  same  laws  prevail  in  the  Animal  World? 
I  think  they  do,  but  this  being  out  of  my  favorite  province, 
I  dare  not  discuss  it,  but  content  myself  with  the  bare  sug- 
gestion. 


8.   On  the  Glands  op   Cassia  and  Acacia.    By  Thokas 
Meehan,  of  Germantown,  Penn. 

Dr.  Asa  Gray,  in  his  Manual  of  Botany^  describes  the 
glands  of  Cassia  Tnanlandica^  as  being  towards  the  base  of  the 
petiole.  This  is  true  only  of  the  upper  leaves.  The  lower 
ones  have  the  glands  varying  in  position  firom  near  the  base 
up  to  the  lowest  pair  of  Pinnse.  It  is  clear,  from  this  varying 
position  of  the  gland,  that  it  is  not  a  normal  part  of  the  in- 
dividual leaf  structure.  If  it  were,  it  would  be  always  in  the 
same  position  relatively  with  other  parts.    It  is  fair  to  assume 
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that  it  is  locally  an  accident.  An  examination  of  two  allies, 
Gleditschia  and  Oymnodadus^  will  afford  the  clue  to  its  real 
nature. 

Of  course  all  know  that  the  spine  in  Gleditschia  is  an  abor- 
tive or  stunted  shoot,  and  that  the  true  shoot  springs  when  it 
grows  at  all,  from  the  bud  below.  There  are  therefore  two 
axial  buds  in  this  plant,  the  one  above  the  other.  I  have  dis- 
covered that  a  similar  system  of  buds  exist  in  Chfmnocladus^ 
only  that  there  are  often  three  in  one  line,  one  above  another, 
instead  of  only  two  as  in  Gleditschia.  These  buds  rarely  push 
forth  into  shoots,  and  hence  as  you  know  its  name  Gymno- 


dadus  has  been  given  to  it  from  its  naked  main  branches.  It 
is  now  worthy  of  note  that  the  upper  bud,  the  one  farthest 
removed  from  the  axil,  is  the  largest  and  best  developed ;  and 
that  when  a  shoot  does  come  it  proceeds  from  it.  Also  that 
one  or  two  of  the  lowest  buds  are  very  often  below  the  centre 
of  the  axis  of  the  petiole.  Turning  now  to  Gleditschia^  we 
find  that  in  its  two  buds,  it  is  the  lowest,  or  what  in  the  other 
case  would  be  the  weakest,  which  in  this  instance  makes  the 
shoot.  It  is  the  upper  bud  which  makes  the  spine,  and  I  sup- 
pose has  the  least  developed  vitality.  Thus  we  see  in  these 
two  allied  plants  there  is  no  fixed  system  in  the  order  of  axial 
development ;  sometimes  it  is  the  upper  bud,  sometimes  the 
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lower,  which  first  pushes  into  growth.  We  also  see  by  the 
failure  of  the  upper  bud  in  Gleditschia  to  elongate — by  its  deg- 
radation, to  a  mere  spine — that  there  is  a  tendency  in  all  these 
axial  parts  to  become  assimilated  into  each  other. 

Turning  now  to  Cassia  Marilandica  and  Aca/yia  juLOmssin^ 
we  find  that  their  normal  system  is  to  have  two  buds,  one  above 
another,  as  in  the  other  two ;  and  that  the  lower  bud  is  nearly 
opposite  the  centre  of  the  leaf  petiole  as  before  mentioned  in 
Oymnodadus ;  and  flirther  that  in  its  early  attempts  at  devel- 
opment it  has  been  absorbed  into  the  tissue  of  the  petiole  and 
borne  along  with  it  to  a  certain  extent,  and  finally  become  an 
unwilling  part  of  the  leaf  stalk. 

Trifling  as  this  observation  of  successive  series  of  buds,  one 
above  another,  in  Oymnodadvsm&j  seem  to  be,  it  may  have  a 
very  important  bearing  on  our  knowledge  of  the  formation  of 
buds.  We  have  been  taught  that  the  leaf  is  the  parent  of  the 
bud,  and  an  axial  bud  and  leaf  are  always  associated.  True, 
physiologists  have  noted  other  buds  proceeding  from  stems  and 
roots ;  but  they  have  made  short  work  of  this  mystery  by  at 
once  deciding  that  there  are  two  distinct  species  of  buds,  and 
they  have  termed  these  leafless  affairs  adventitious  buds ;  but 
in  the  case  of  Oymnodadus  we  see  that  of  the  three  buds,  one 
above  another, — and  the  upper  one  in  strong  shoots,  often  an 
inch  away  from  the  lower  one, — it  is  this  one  the  farthest  away 
from  the  leaf  axis  which  is  the  strongest.  K  the  leaf  exerted 
any  influence,  the  bud  nearest  to  the  leaf  axis  should  derive  the 
most  benefit ;  and  further  we  see  in  Cassia  that  instead  of  the 
leaf  aiding  in  the  development  of  the  bud,  it  is  the  direct 
agent  in  arresting  its  growth,  and  is  no  doubt  also  the  agent  hi 
causing  the  lower  buds  of  Ch/mnodadits  to  be  weaker  than  the 
upper  ones. 

These  series  of  buds  have  been  singularly  overlooked  by 
botanical  observers,  and  therefore  the  unmistakable  voice  m 
which  they  speak  to  us  has  remained  unheard.  We  find  them 
in  other  plants  of  very  different  families.  Particularly  do  they 
exist  in  the  most  vigorous  forms  of  Carya,  and  Juglans, 
amongst  the  Corylaceos;  and  in  Ericaceous  plants  we  find  them 
in  Itea  virginica,  in  which  the  upper  bud  the  farthest  away  from 
the  leaf  axis  is  very  fully  developed. 
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I  hesitate  about  offering  theories  so  revolutionary  as  those 
to  which  my  observations  seem  occasionally  to  tend.  I  hope 
the  reader  will  not  dwell  so  much  on  my  explanations  of  the 
facts  as  on  the  facts  themselves.  Examine  them  and  possibly 
a  much  better  theory  than  my  own  may  be  evolved.  I  chiefly 
desire  to  call  attention  to  facts  which  seem  to  have  been  over- 
looked. 

KOTTB— since  this  paper  was  read  Dr.  Geo.  Engelmann  has  pointed  out  to  the  au- 
thor another  remarkable  instance  in  Comut  panioulata  L'Her .  There  are  two  bnds 
here ;  the  upper  one  pnshes  into  growth  the  same  season,  and  continues  the  axil- 
lary grrowth  of  the  plants;  the  lower  one,  next  to  the  axil  of  the  leaf,  remains  alive 
for  many  years,  but  rarely  grows  more  than  enough  to  always  keep  it  Just 
above  the  level  of  the  bark.  Also  Dr.  E.  points  out  tb&t  there  are  three  buds,  one 
above  another,  in  Lonicera  Xylosteum  Juss.  (I  And  there  are^fre,  but  two  do  not  get 
through  the  bark)  but  the  order  of  vigor  is  inversed,  the  strongest  being  near  the 
base  of  the  leaf.  This  observation  does  not  affect  the  deduction  that  the  leaf  has 
no  influence  in  the  production  of  the  buds, — that  the  leaf  is  a  coincidence  with,  and 
not  a  cause  of  the  bud  or  buda,— hut  this  remarkable  exception  shows  that  the 
whole  subject  is  worth  deeper  research  than  bestowed  by  the  author  in  his  brief 
paper. 


IV.    ETHNOLOGY. 
1.  On  the  Distribution  of  the  Native  Tbibes  of  Alaska 

AND    THE    ADJACENT    TERRITORY.      By  W,    H.    DaLL,    of 

Washington,  D.  C. 

The  principal  authorities  on  the  Ethnology  and  Philology 
of  Russian  America,  are  the  works  of  Count  Admiral  von 
Wrangell,  and  H.  J.  Holmher^.  The  former,  republished 
from  the  Memoirs  of  the  Imperial  Academy  of  Science,  edited 
by  Baer,  and  with  additions  and  an  appendix  by  Baer  and 
Helmersen,  was  issued  at  St.  Petersburg  in  1839.  Holmberg's 
work  first  appeared  in  the  Acts  of  the  Finrdand  Scientific 
Society^  and  was  published  at  Helsingfors,  under  the  title  of 
an  Ethnographic  sketch  of  the  People  of  Russian  America,  in 
1855.  This  embodied  all  the  additions  that  had  been  made  by 
the  few  explorers  since  WrangeU's  time,  and  fairly  represents 
the  knowledge  possessed  by  ethnologists,  in  regard  to  the  in- 
habitants of  Alaska,  up  to  a  very  recent  date.  From  personal 
observation,  during  several  years  exploration  in  that  country. 
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I  am  enabled  to  correct  many  errors,  and  add  to  the  stock  of 
knowledge  of  the  subject,  much  new  information  in  regard  to 
their  distribution ;  the  more  important  part  of  which  is  em- 
bodied in  this  paper.  Holmberg*  divided  the  native  inhabi- 
tants of  Alaska  into  four  groups:  —  1.  Thlinkets  (Thlinkil- 
then)  ;  2.  Koniags  (Eonjagen)  ;  3.  Tnaina  (Thnaina),  or  Een- 
aians ;  4.  Aleutians  (Aleuten)  ;  and  these  groups  again  into 
others  equivalent  to  their  tribal  organizations,  as  follows :  — 

Group  first  into: — 1.  True  Thlinkets^  extending  from  the 
Nasse  River  to  Mt.  St.  Elias ;  and  the  2.  UgalerUzey  whom  he 
describes  as  visiting  Kayak  island  in  the  winter,  and  spending 
their  summers  on  the  banks  of  the  Copper  River. 

Group  second:  —  1.  Trtie  KoniagSj  or  inhabitants  of  the 
island  of  Koniag,  or  Kadiak;  2.  Tchtcgatches^  from  Prince 
William  Sound,  along  the  south  shore  of  the  peninsula  of 
Aliaska,  except  the  east  shore  of  Cook's  inlet ;  3.^  Aglegmutesy 
inhabiting  the  north  side  of  Aliaska,  part  of  Bristol  Bay,  and 
the  mouth  of  the  river  Nushergak ;  4.  KiataigmtUes^  between 
the  last,  on  the  coast ;  and  5.  KuskoJcmgmutes^  on  the  Kus- 
koquin  River,  from  Fort  Kolmakoff  to  the  sea,  and  also  on  the 
island  of  Nunivak ;  followed  on  the  coast  by  the  6.  AgtdmtUes; 
7.  Magemutes;  8.  KwikUiuagmutea ;  and  9.  Kwickpagmutes^ 
which  occupy  the  delta  of  the  Yukon  River,  followed  by  the  10. 
Tschnagmutes,  in  Norton  Sound,  and  11.  PastoUkmtUes^  at  the 
mouth  of  the  Pastolik  River ;  the  12.  Ardygmutes^  on  Golofhin 
Bay,  north  of  Norton  Sound,  and  lastly  the  13.  Mauegmtutes^ 
between  Norton  Sound  and  Eotzebue  Sound. 

Group  third :  —  1.  Yunnakakotana^  on  the  Nulato  and  Koy- 
oukuk  Rivers ;  2.  Yunnachotana^  on  the  Yukon  River ;  3. 
Inkiliks^  on  the  Yukon,  south  of  Nulato ;  4.  Yugdnutes^  on 
the  lower  Yukon,  in  the  Shageluk  slough  and  mouth  of  the 
"  Innoko "  River ;  5.  Inkalilduaten^  beyond  the  "  Innoko ;"  6. 
Tlegonkotana,  on  the  river  "Tlegon ;"  7.  The  true  Kenaians  or 
Tnainay  on  the  peninsula  of  Kenal ;  8.  Kolshina^  on  the  upper 
Kuskoquim  and  Atna  Rivers. 

Group  fourth:  —  1.  UncUashkanSy  or  Fox  Island  Aleutians; 
2.  Atkans^  or  Andreanoff  islanders. 

*The  difficnKy  of  obtaining  access  to  both  the  aboye  mentioned  works  is  my 
excuse  for  quotation. 
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This  classification  needs  very  extensive  revision.  Holmbei^ 
was  misled,  partly  by  the  exaggerated  and  unreliable  reports 
of  Zagoskin,  the  first  Rossian  explorer  of  the  Yukon  Valley. 
It  must  also  be  remembered  that  all  his  information  was  de- 
rived at  second  hand,  and  much  of  it  from  publications  by  un- 
scientific persons  and  ignorant  traders. 

The  inhabitants  of  Alaska  and  the  adjacent  territories  may 
be  divided  into  two  great  groups ;  those  who  belong  to  the 
aboriginal  American  stock,  whom  we  are  accustomed  to  desig- 
nate as  Indians;  and  those  scattered  along  our  northern 
coasts  from  Greenland  to  Berings  Strait,  and  for  whom  we 
have  fts  yet  no  general  term,  but  who  have  been  called  Eskimo, 
Aleutians ;  and  on  the  Asiatic  side  of  the  straits,  TusM  and 
sedentary  Chukchees.  This  last  great  group  I  propose  to 
designate  as  Orarians ;  *  a  single  term  being  needed  in  gen- 
eralization, and  none  of  those  in  use  being  sufficiently  compre- 
hensive for  tlie  purpose.    The  Orarians  are  distinguished  by 

(1)  their  language  of  which  the  dialects  in  construction  and 
etymology  bear  a  strong  resemblance  to  one  another,  through- 
out the  group,  and  differ  from  the  Indian  dialects,  as  strongly ; 

(2)  by  their  distribution ;  always  on  islands,  or  confined  to  the 
sea  coasts ;  sometimes  entering  the  mouths  of  large  rivers,  as 
the  Yukon,  but  only  ascending  them  for  a  short  distance,  and 
as  a  rule,  avoiding  the  wooded  country ;  (3)  by  their  habits, 
more  maritime  and  adventurous  than  the  Indians ;  following, 
hunting  and  killing,  not  only  the  small  seal,  but  also  the  sea 
lion,  and  walrus.  Even  the  great  Arctic  bowhead  whale,  fre- 
quently succumbs  to  their  preserving  efibrts ;  and  the  harpoon 
now  universally  used  by  whalers,  having  superseded  the  old 
fashioned  article,  is  a  copy  in  steel  of  the  bone  and  slate 
weapon  which  the  Eskimo  have  used  for  centuries;  (4)  by 
their  physical  characteristics,  a  light  fresh  yellow  complexion, 
fine  color,  broad  build ;  and  especially  the  largely  developed 
coronal  ridge,  and  an  obliquity  of  the  arch  of  the  zygoma.  I 
am  informed  by  that  eminent  craniologist.  Dr.  Otis  of  the  U. 
S.  Army  Medical  Museum,  in  Washington,  who  has  handled 
perhaps  as  many  aboriginal  American  crania  as  any  living 
ethnologist,  that  the  cranial  peculiarities,  referred  to  above, 

*From  oro,  a  coast,  In  allusion  to  their  inyariablelcoastwiBe  distribatlon. 
A.  A.  A.  S.    VOL.  XVm.  M 
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are  common  to  all  Orarian  skulls,  and  form  a  ready  means  of 
distinguishing  them,  being  only  shared  by  the  northern  mound- 
builders,  who  were,  perhaps  their  ancestors. 

They  are  confined  to  the  coasts  and  islands  of  northern 
America,  Greenland  and  the  extreme  north-eastern  portion  of 
eastern  Siberia,  near  Bering  Strait. 

They  are  known  to  the  northern  Tinneh  or  Chippewyan  In- 
dians as  ^^  Uskeem^,"  or  sorcerers,  and  a  belief  exists  among 
all  the  Indian  tribes  acquainted  with  them,  that  they  are  pos- 
sessed of  supernatural  powers.  This  belief  is  not  unnatural, 
when  we  compare  the  stupid  and  indolent  Indian,  gorging  or 
starving  by  turns,  with  the  agile  Eskimo  in  his  kyak,  seldom, 
at  least  in  the  more  favored  regions  of  Alaska,  without  a 
reserve  supply  of  food  in  his  storehouse ;  and  as  much  at  home 
on  the  waves  as  a  seabird.  ^ 

The  tribes  of  this  group  in  north-west  America  and  north- 
east Siberia,  may  be  divided  into  three  lesser  groups. 

1.  Eskimo. 

2.  Aleutians. 
8.  Tuski. 

The  Eskimo  tribes  are  scattered  along  the  Arctic  coast 
very  sparingly.  They  call  themselves  Innuit  and  take  for  a 
more  specific  designation  the  name  of  the  locality  where  they 
live,  as  Uhalaldik,  changing  the  termination  so  as  to  make  an 
adjective  UncUakligmtUey  applicable  to  a  single  man  or  woman, 
and  of  which  the  plural  is  Unaldkligmunea.  They  have  also 
tribal  names,  indicating  the  inhabitants  of  a  certain  tract  of 
country.  The  tribal  lines  are  very  faint  and  they  intermarry 
without  scruple;  although  there  does  not  seem  to  be  any  sys- 
tem like  that  of  the  totems,  among  the  whole  of  this  group. 
South  of  Pt.  Barrow  the  following  tribes  may  be  distinguished : 

1.  Kaviagmutes. — They  inhabit  the  peninsula  between  Kot- 
zebue  and  Norton  Sounds,  which  is  called  by  them  Kaviiak. 

2.  OJeeeogmutes. — These  inhabit  the  islands  of  Bering  Strait, 
and  perhaps  St.  Lawrence. 

3.  MaJilemutes. — Inhabiting  the  neck  of  land  between  Kot- 
zebue  Sound  and  Norton  Bay ;  their  chief  village  is  AJUenmtUe 
on  the  divide. 

4.  VhaligrmjUes. — Comprises  those  living  on  the  shores  of 
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Norton  Sound,  and  south  on  the  coast  to  the  Yukon-mouth ; 
comprising  beside  others,  Holmberg's  Nos.  10  and  11  of  his 
second  group.  The  names  which  he  uses  are  mere  local  desig- 
nations, hardly  subtribal  in  value. 

5.  Kmkhpagmutes^  or  Ekogmutes. — Inhabit  the  delta  of  the 
Yukon  and  are  found  some  fifty  miles  into  the  interior  where 
the  delta  begins.  They  are  called  Premorska  by  the  Russians, 
meanihg  '' people  by  the  sea,"  and  take  their  name  from  one 
of  the  mouths  of  the  Yukon,  which  is  called  the  Kwikhpdk. 
Those  living  on  the  Kusilvak  mouth  are  known  as  Kusilvag- 
mutes. 

6.  Magemutes. — Or  "  mink  people,"  live  south-west  of  the 
Yukon  mouth  between  it  and  Cape  RomanzofT.  The  previ- 
ously mentioned  tribes,  all  use  the  labrets,  one  on  each  side, 
just  below  the  comer  of  the  mouth.  The^  men  only  wear 
them.  In  this  tribe,  however,  they  have  a  different  fashion. 
The  women  wear  two  "  C"  shaped  ivory  hooks,  with  the  points 
projecting  in  front,  under  the  middle  of  the  lower  lip.  They 
get  their  name  from  the  abundance  of  mink  in  the  region  they 
inhabit,  almost  to  the  exclusion  of  other  fur  animals. 

7.  AgtUmtUes. — Occupying  the  region  between  the  Kusko- 
quim  and  Cape  Bomanzoff,  and  the  island  of  Nunivak.  They 
are  a  very  shameless  and  filthy  race ;  nor  so  ingenious  as  those 
on  either  side  of  them,  except  in  the  matter  of  carving  ivory, 
in  which  they  excel. 

8.  Kuskwogmutes, — Inhabit  the  mouth  and  lower  banks  of 
the  Kuskoquim  River. 

9.  Nuakergagmutea. — Inhabit  the  shores  of  Bristol  Bay,  near 
the  mouth  of  the  Nushergak  River. 

10.  OglemtUes. — Are  found  on  the  east  shore  of  Bristol  Bay, 
south  of  the  last  and  on  the  north  coast  of  Aliaska  peninsula. 

11.  KoniagmtUes. — Occupy  the  south  coast  of  Altaska  east- 
ward to  the  sixtieth  degree  of  latitude,  the  island  of  Kadiak 
(originally  Koniag)  and  the  adjacent  small  islands  of  the 
Koniag  or  Kadiak  archipelago. 

12.  ChugacMgmutea.  —  Are  found  on  the  south  and  east 
shore  of  the  Kenai  peninsula  and  the  shores  of  Chugach  Bay, 
better  known  as  Prince  William  Sound. 

13.  UgalakrMUes. — The  existence  of  an  Eskimo  tribe  in 
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the  vicinity  of  Mount  St.  Elias,  is  demonstrated  by  a  Tocab- 
ulary  famished  Mr.  Gibbs,  by  the  officers  of  the  Russian 
American  Company.  Kayak,  the  name  of  a  small  island,  said 
to  be  occupied  by  an  Indian  tribe  daring  the  winter,  is  evi- 
dently of  Eskimo  extraction.  This  is  the  last  Eskimo  tribe, 
going  south  on  the  north-west  coast. 

The  Aleutians  may  be  divided  into  two  groups,  which,  how- 
ever, from  the  deportation  of  Aleuts  by  the  B.  A.  Co.,  and 
their  arbitrary  establishment  of  villages  at  one  time,  and  as 
arbitrary  destruction  of  them  at  another, — have  lost  much  of 
their  distinctness.    They  are  the 

1.  Unalashkana. — ^Who  inhabit  the  Fox  Islands ;  principally 
on  Unimak,  Unaldshka,  Umnak  and  Akhun,  and 

2.  Atkans. — Or  Andreanoff  islanders,  who  inhabit  the  islands 
of  Atka,  Amlia,  ^d4k  and  Attd. 

Finally  the  last  group  of  this  race,  which  has  been  graphi- 
cally described  by  Lieut.  Hooper,  R.  N.,  and  who  have  been 
described  as  sedentary  or  fishing  Chukchees  (which  name  has  a 
numerous  variety  of  spelling)  Chukluk,  or  NamoUo,  and  Taski. 
Their  language  at  once  distinguishes  them  from  the  true  Chuk- 
chee,  or  "  deer-men,"  as  they  call  themselves,  and  their  physi- 
(^nomy  is  different.  They  differ  from  Eskimo  (with  whom 
they  have  been  at  war  since  1630,  and  perhaps  for  as  many 
more  centuries)  in  not  wearing  labrets,  and  in  many  respects 
relating  to  thek  mode  of  life.  Their  generic  name  is  Yuij  evi- 
dently derived  from  Innuit  "people."  Those  on  Seniavine 
strait  caU  themselves  ChvMukmvtes^  but  they  are  so  few  in 
number  and  occupy  such  a  small  extent  of  territory,  that  it  is 
hardly  worth  while  to  do  more  than  adopt  the  general  name  of 

1.  Tuaki. — Proposed  by  Lieut.  Hooper.  They  extend  along 
the  shores  of  the  country  between  Anadyr  Gulf  and  Kulu- 
chinskaia  Bay  and  Bering  Strait. 

The  Indians  are  not  so  easy  to  group,  without  more  division 
than  perhaps  is  justified,  by  our  present  state  of  knowledge  of 
some  of  the  tribes.  So  far  as  Alaska  and  the  adjacent  Ameri- 
can territories  are  concerned,  the  Thlinkets  from  one  very  dis- 
tinct group,  and  many  points  of  resemblance  seem  to  suggest 
that  the  Ingaliks  and  Koyukuns,  as  well  as  the  Atna  or  Cop- 
per River  tribes,  and  the  Indians  of  Kenai  should  form,  with  a 
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subdivision  for  the  Kutchin  tribes,  another ;  while  the  Haidahs 
of  the  extreme  southern  part  of  the  Alexander  Archipelago, 
belong  with  those  of  Queen  Charlotte's  Islands  to  still  another 
group.  There  are  several  extra-limital  groups  requiring  notice. 
Commencing  at  the  south  on  the  coast,  we  have  south  of  our 
boundary  on  the  mainland,  the  Chimsyans;  and  on  Queen  Char- 
lotte's Islands  the  Haidahs,  who  extend  across  Dixon's  en- 
trance, and  have  several  villages  on  our  islands.  They  are 
more  properly 

1.  KygdnL — ^And  are  only  found  at  this  point  in  our  territory. 

We  next  find  the  Thlinkets  inhabiting  the  Alexander  Archi- 
pelago and  adjacent  shores  of  the  mainland.  Kwan  with 
them  signifies  ^'people,"  and  is  affixed  to  the  local  designa- 
tion. Of  some  of  the  tribes  in  this  and  the  next  group,  we 
only  know  the  Russian  names  which  may  or  may  not,  be  those 
by  which  they  call  themselves.  The  Thlinkets  may  be  divided 
as  follows : 

1.  SUkorkwan. — Occupying  BaranofT,  and  the  adjacent 
islands  of  the  archipelago  and  having  their  principal  village 
near  Sitka. 

2.  Stakhin>4eioanj — Or  Indians  inhabiting  the  mouth  of  the 
StiMne  River  and  the  adjacent  coast. 

8.  *'  TaktUats." — Or  residents  in  the  vicinity  of  Bering  or 
Yakutat  Bay.  They  are  allied  by  their  language  to  the  two 
previously  mentioned  tribes,  but  little  is  known  of  them. 

We  now  reach  the  southernmost  point  of  appearance  on  the 
coast  of  the  western  Tinn6h  tribes,  which  may  be  separated 
into  three  general  grQups ;  those  calling  themselves  Kutchin 
(people),  and  those  who  designate  themselves  Tinneh  or  Tahnay 
with  the  same  significance.  The  first  of  the  Tinneh  tribes  be- 
longs to  the  latter  group,  using  the  word  tdhna^  as  do  most 
of  those  near  the  coast,  while  those  on  the  upper  Yukon 
and  interior  are  ^'  Kutchin,"  while  those  still  farther  east  on 
the  Mackenzie  are  Tinneh,  In  this  general  list  I  shall  regard 
them  as  a  whole. 

1.  ^^UgcUensL"  —  This  is  the  name  used  by  Russian  and 
German  authorities  to  designate  a  tribe  that  has  its  winter 
quarters  on  Kayak  Island,  and  resides  on  the  lower  banks  of 
the  Atna  or  Copper  River  in  summer.    These  are  referred  to 
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the  Thlinket  famOy  by  Holmberg,  but  perhaps  belong  rather 
with  the  Tinneh. 

2.  ^^Ah4ena'' — Living  on  the  upper  CJopper  River,  not  to  be 
confounded  with  the  Kutchin  tribes  of  the  upper  Yukon  who 
visit  the  head-waters  of  the  Copper  River  to  trade,  and  are 
called  Kolchina  or  Kolshina  by  the  Russians ;  who  apply  that 
term  to  many  tribes  of  whom  they  know  very  little. 

8.  ^^  Kencd'tend.'* — Thnaina  on  Tenahna  of  Holmbei^,  in- 
habit the  shores  of  Cook's  inlet  and  the  country,  to  the  Alas- 
kan Mountains. 

4.  KaiyuhrkhotanL  —  (Lowlanders)  or  Ingaliks.  This  great 
tribe  speaks  essentially  one  dialect  and  includes  Nos.  8,  4,  5, 
6,  7  and  8  of  Holmberg's  third  group  of  Thnaina.  The  "In- 
noko"  River  is  really  the  Shageluk,  and  the  "Tlegon"  "Tat- 
sheg-no,"  etc.,  are  mythical  streams,  running  through  a  countiy 
which  has  never  been  penetrated  by  white  men  or  Russian 
Creoles,  and  reported  by  the  Indians  to  be  nearly  destitute  of 
fish  and  game,  and  hence  uninhabited. 

5.  Koyukokhotdnd,  —  Or  Koyukun  Indians,  inhabit  the  re- 
gion north  of  the  great  bend  of  the  Yukon  on  the  Koyukuk 
River.  The  Nulato  Indians,  whose  language  bore  more  resem- 
blance to  the  Koyukun  dialect  than  any  other  Ingalik  branch, 
were  exterminated  by  the  Koyukuns  in  1851,  with  the  excep- 
tion of  a  few  children. 

6.  Undkhotdna.  —  (Far  off  people)  inhabit  the  banks  of  the 
Yukon  above  Koyoukuk  Mountain,  to  the  mouth  of  the  Tana- 
nah  River.  There  are  very  few  villages,  and  these,  as  well  as 
all  the  Kutchin  and  Ingalik  tribes,  living  on  the  river,  call 
themselves  Yukonikhotana  or  "men  of  the  Yukon." 

7.  KiUcJid  kutchin  (Loucheux).  —  Inhabit  the  country  near 
the  junction  of  the  Rat  River  and  the  Yukon.  These  and  the 
following  tribes  are  migratory,  following  the  deer  and  pitching 
their  lodges  anywhere ;  while  the  Ingaliks  and  Koyukuns  have 
well  built  permanent  houses,  which  they  occupy  at  least  for  a 
part  of  the  year. 

8.  Tenan  hutchin.  —  (Mountain  men)  are  found  on  the  banks 
of  the  Tananah  River,  which  has  never  been  explored  by  white 
men.  They  come,  however,  to  trade  with  both  Russians  and 
Hudson  Bay  traders  at  NuMakaJiyU* 
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9.  Natche  kiUchin. — (Wanderers)  north  of  the  Yukon  and 
Rat  Rivers  about  longitude  144*"  W. 

10.  Vunta  Tcutchin.  —  (Loucheux)  on  the  Rat  River  farther 
\ip^  in  the  H.  B.  Territory. 

11.  Tuk'ktUh  Tcutchin.  —  (Rat  people)  occupy  the  headwaters 
of  the  Rat  River ;  on  the  other  hand  going  up  the  Yukon. 

12.  Han  Jcvtchin,  —  (Wood  people)  or  Gens  de  Bois,  about 
two  hundred  miles  above  Fort  Yukon  on  the  Yukon  and  be- 
yond them. 

13.  Tutchon  Kutchin.  —  (Crow  people)  or  Gens  des  Foux  on 
the  Yukon,  nearly  to  the  site  of  Fort  Selkirk,  at  the  junction 
of  the  Lewis  River  and  the  Felly,  and  finally  we  find  at  the 
headwaters  of  the  Yukon  the 

14.  Abborto-tendk, — Or  Nehaunee  Indians,  who  are  found 
along  the  coast  range,  and  parallel  with  it ;  and  by  crossing 

'  the  same  we  reach  our  starting  point  again  among  the  Stikine 
Thlinkets. 

The  limits  of  this  paper  will  not  admit  of  an  elaborate  de- 
scription of  the  several  tribes,  but  a  few  remarks  of  a  general 
nature  may  not  be  entirely  out  of  place.  The  accompanying 
vocabularies  will  show  more  clearly  than  pages  of  argument 
or  explanation,  the  relations  which  exist  between  the  several 
dialects.  These  are  only  given  as  specimens  for  comparison, 
the  bulk  of  material  being  in  preparation  for  publication. 

It  is  to  be  hoped  that  measures  will  be  taken  at  once  to  pre- 
vent the  utter  loss  of  the  traditions  and  ancient  religious  rites 
of  the  Aleuts  and  Koniagemutes.  These  rites  were  put  down 
eighty  years  ago,  by  the  Russian  missionaries,  almost  literally 
with  fire  and  sword.  At  the  same  moment  that  the  traders 
deprived  them  of  their  liberty,  in  order  that  they  might  be 
forced  to  hunt  flir  animals  for  the  benefit  of  the  Russians,  the 
priests  fired  with  ardor,  and  the  hopes  of  promotion  in  the 
church,  burned  their  idols,  and  destroyed,  wherever  possible, 
the  gorgeous  paraphernalia  in  which  the  mysterious  rites  of 
their  ancient  religion  were  performed.  These  rites  were 
secretly  kept  up  for  forty  years,  but  were  at  last  totally  sup- 
pressed, and  the  only  relics  remaining  are  a  few  decayed,  yet 
still  curious  masks,  which  were  placed  with  the  dead,  whom  the 
priests  did  not  attempt  to  disturb.    Had  they  preserved  an  ac- 
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count  of  the  religion  they  destroyed  we  might  forgive  them 
their  iconoolasm,  but  their  records  only  contained  lying  reports 
of  immense  numbers  of  converts  to  Christianity;  which  re- 
ports were  so  astounding  in  their  exaggeration  that,  says  the 
Russian  historian,  Tikhmenief,  'Hhey  were  received  with 
doubt,"  at  St.  Petersburg. 

The  only  means  by  which  any  part  of  these  traditions  can 
be  preserved,  is  by  obtaining  them  from  a  few  old  men  who 
witnessed  in  their  youth  the  ceremonies  referred  to,  and  have 
not  to  this  day  become  emancipated  from  the  attendant  super- 
stitions. These  old  men  will  soon  pass  away,  and  if  no  steps 
are  taken  to  prevent  it,  all  knowledge  of  the  ancient  Aleutian 
customs  with  them.  My  own  opportunities  did  not  allow  of 
my  obtaining  the  desured  information. 

The  Eskimo  of  Norton  Sound,  the  Tukon-mouth  and  Eot- 
zebue  Sound  are  fine  athletic  men,  many  of  them  six  feet 
in  height,  and  averaging,  I  should  say,  as  tall  as  any  civilized 
race.  They  are  as  ingenious,  as  honest  and  industrious  as  the 
majority  of  white  men,  and  very  far  superior  to  any  Indian  tribe 
in  the  territory.  They  are  great  eaters,  but  no  more  so  than 
the  Indians,  and  they  are  by  far  the  cleaner  of  the  two.  They 
fall  victims  to  the  use  of  liquor  whenever  they  can  obtain  it, 
which  is  the  only  obstacle  between  them  and  the  hope  of  ulti- 
mate civilization.  At  no  point  does  there  seem  to  be  any  in- 
tercourse between  the  Eskimo  and  Indians  except  in  the  way 
of  trade.  They  never  intermarry,  and  in  trading,  use  a  sort 
of  jargon,  neither  Indian  nor  Eskimo.  Few  words,  as  far  as 
I  have  been  able  to  find  out,  are  common  to  the  two  languages, 
except  kweenyvJc  (pipe)  ^vfhich  the  Indians  borrowed  from  the 
Eskimo,  who  were  the  fiirst  to  obtain  and  use  tobacco,  and 
tenekuh  (moose),  an  Indian  word  which  is  used  by  the  Eskimo, 
as  they  have  no  moose  and  hence  no  word  for  it  in  their 
country ;  and  a  few  evidently  similar  cases. 

The  Indians  who  live  in  the  more  mountainous  regions,  and 
hunt  the  deer,  are  active,  courageous  and  prone  to  war.  Those 
on  the  other  hand  who  live  on  the  moose,  which  frequents  the 
lowlands,  are  comparatively  peacefhl ;  while  those  on  the  lower 
Yukon  whose  diet  is  almost  exclusively  fish,  are  the  lowest, 
most  degraded  and  filthy  of  all. 
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(Wet»tetn.) 


Unakhotana. 


X'ut-zaih. 
T'thhik. 
l-CVih. 
;>*  irzi'h, 

TVul. 

TS'ihkudh. 
;-;ih. 
Nun. 
Yahtun. 
.jV-ha. 
>;<>-k\vah. 
.^Uhithluk. 

•^iMe  ik. 

^^Jhcerlukii'nli. 
■  ■■»-|  likcftipt'k. 
jjjr^t.-ieh  (lirtsonokai. 

;j^  jeiK'hndiiekphkwa. 
^^^  Iiitliliikchoteiii. 


Kennirott. 


Teiiah. 
Solt'an. 
(He. 

Sol'tanydza. 

Tvone.' 

Too. 

NiitAhgah. 

T'tun. 

At'khun. 


I)'a»h. 

Khun. 

MiUi'kh. 

Maliimih. 

T'lahkadona. 

Nahzoon. 

T'sohklahka. 

N'koh. 

Nookatzah. 

Ak»«»buh. 

Azu'. 

Sih. 

N'neh. 

M'HUih. 

Iloh. 

N'trihjnili. 

Kaytlihiket. 

N'tiiyuhkeli. 

Tonkiih. 

1inkt'*e. 

KotmlKinala. 

Tonanka^'thluket. 

Tonanotavukeh. 

Nihkahdii'ik^h. 

Kaythluketkiilych. 

Neekoznala. 


Dall. 
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Kaii'ihkiiotana. 


(KaiyuhRiverO 


Tenahyou. 

Sultdna. 

Ote. 

Yukee-<5za. 

Kohtlyozah. 

Tvdne. 

TtM». 

NnUUigah. 

T'lmn. 

At'khun. 


Tahko6na. 

Andyah. 

Neliyiih. 

Klali-kad6na. 

Neezo6n. 

T^^at'klalika. 

N'koh. 

NookoptH^h. 

At'kleebah. 

Azu. 

Sih. 

X'lieh. 

M'inh. 

Hoh. 

N'ty'ahoh. 

Kavthlukeh. 

NH'iv'keh. 

Tokah. 

Tc'nikeh. 

Ketudnaln. 

Tenankavt  liika. 

1'enanotavkeh. 

Nilhtadinkeh. 

Kaytlnkukulla. 

Nilcognala. 
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Tenahyu. 
T'Hult. 
Ote. 
Sak'he<§. 
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Too. 

Nutiligah. 

T*han. 

At'kuneh. 

Noo. 


TabkAn'. 

An6vh'. 
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T'kaddne. 
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S'talaj^ha. 
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Sih. 

N'neh. 
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Ah. 
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Tokhneh. 
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N  ikoznala^ij-thlukehknUa. 

Nikozuarlta. 


Dall. 
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A  belief  in  shamanism  is  common  to  all,  both  Indian  and 
Eskimo.  The  system  of  totems,  according  to  Mr.  Ross,  exists 
among  the  Kutchin  tribes,  but  is  falling  into  disuse.  I  found 
no  traces  of  it  among  the  Ingaliks  or  Eo3rukuns.  It  is  in 
vogue  among  the  Thlinkets,  who  call  it  ^^lux-porte-utky*  and 
distinguish  four  totems,  the  crow,  wolf,  whale  and  eagle.  The 
Kutchin  or  Loucheux  distinguish  only  three.  The  Eskimo 
have  nothing  of  the  kind.  Many  of  the  tribes  enumerated 
are  too  little  known  to  say  whether  they  have  ^opted  it  or 
not.  Few  of  them  are  dangerous,  fewer  stiU  openly  hostile 
to  the  whites. 

In  the  following  vocabularies  a  number  of  words  have  been 
chosen  which  would  be  suited  for  purposes  of  comparison.  Of 
the  thirty-four  tribes  enumerated  we  have  vocabularies  of  only 
twenty-two  and  many  of  these  are  extremely  limited.  Of 
these  I  am  indebted  to  Mr.  George  Gibbs  for  the  use  of  five, 
from  his  unrivalled  collection,  viz. :  the  Yakutai^  Nuahergag- 
mutey  St.  Ellas  Eskimo,  Kygani  and  Stdkhinkwan, 

The  Kutcha  katchin  was  obtained  by  the  late  lamented  Rob- 
ert Kennicott. 

The  Tenan  kutchiriy  VhaJchotana^  Kaiyuhkhotanaj .  Tukoni- 
khotana^  EkogmvJte^  Unaligmute^  Mahlemute  and  Kavia^emute^ 
were  obtained  by  myself. 

The  remainder  are  from  the  well  known  works  of  Baer,  Lisi- 
ansky,  Wrangell,  Saur  and  Egede. 


2.  On  thb  Botocudos  of  Brazil.    By  Charles  F.^Iartt, 
of  Ithaca,  N.  Y. 

(ABSTRACrr.) 

Hb  spoke  of  the  origin  of  the  name  Botodldos,  described 
them  of  middling  height,  stout  in  body,  but  thin  and  generally 
slight  in  the  extremities.  They  have  about  the  color  of  light 
mulattoes ;  eyes  generally  dark,  rarely  blue,  cheek  bones  not 
very  prominent.  They  generally  pull  out  the  beard  but  some 
have  a  sparce  growth  of  hair  on  the  chin.  The  adults  gener- 
ally wear  in  the  perforated  ears  and  lips  pieces  of  wood,  shaped 
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like  a  bottle  cork.  The  custom  is  not  kept  np  at  present,  few 
of  the  children  having  the  perforations.  Thd  pressure  of  this 
plug  gen^lly  causes  the  loss  of  the  front  teeth,  which  are 
pushed  out  of  place.  Mr.  Hartt  gave  a  graphic  description  of 
the  appearance  of  the  deformity  thus  caused. 

These  Indians  sometimes  paint  not  only  the  face  but  the 
body  with  annatto  and  a  black  vegetable  dye,  but  they  usually 
go  naked  and  unpainted.  They  carry  long  bows,  often  exceed- 
ingly hard  to  bend,  using  arrows  of  different  kinds  for  hunting 
and  in  war.  Before  the  settlement  of  America  by  the  whites 
they  used  cutting  instruments  of  stone.  The  several  tribes 
are  governed  by  chiefs  chosen  for  their  strength  and  stature. 
Professor  Hartt  described  their  food  as  consisting  of  wild  ani- 
mals, including  monkeys,  lizards,  and  snakes ;  they  are  very 
fond  of  the  iarvsB  of  beetles  found  in  decayed  wood.  Bananas, 
honey,  ants^  etc.,  are  also  used  for  food.  They  obtain  fire 
by  twirling  a  dry  stick  in  a  small  hollow  in  another.  They 
have  only  one  wife,  who  is  treated  very  brutally.  The  women 
are  almost  slaves,  carrying  the  burdens  and  doing  all  the  hard 
work.  Children  are  generally  treated  kindly.  Their  religious 
ideas  are  very  dubious,  they  believe  in  bad  spirits,  great  and 
small ;  but  they  appear  to  have  no  idea  of  a  good  God.  *  The 
dead  are  buried  in  the  wigwam  or  near  it,  and  the  camp  is  gen- 
erally deserted.  The  corpse  is  buried  horizontally  without 
anything  in  the  grave  with  it)  and  a  fire  is  sometimes  built 
over  the  grave  to  keep  off  bad  spirits.  They  are  strongly 
suspected  of  cannibalism.  They  have  very  monotonous  dances 
of  which  they  are  very  fond.  The  Brazilians  have  in  past 
years  hunted  them  like  dogs  and  this  destruction,  with  the  ef- 
fects of  rum,  has  almost  exterminated  the  race.  The  Botocudos 
are  now  confined  to  the  forest  between  the  Rio  Doce  and  the 
Rio  Pardo.  They  resist  civilization  and  Christianity,  and  are 
sunk  in  the  lowest  barbarism. 

The  speaker  gave  «a  minute  description  of  their  language, 
which  is  simple  and  almost  without  inflections. 
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mSTOBY  OF  THE  MEETING. 

The  Eighteenth  Meeting  of  the  American  Association  for 
the  Advancement  of  Science  was  held  at  Salem,  Mass.,  com- 
mencing on  Wednesday,  August  18,  and  continuing  to  Tues- 
day Evening,  August  24. 

Two  hundred  and  forty-four  names  are  registered  in  the 
book  by  members  who  attended  this  meeting.  One  hundred 
and  fifty  new  members  were  chosen,  of  whom  one  hundred  and 
eleven  have  already  signified  their  acceptance  by  paying  the 
annual  assessment,  and,  when  practicable,  signing  the  consti- 
tution. One  hundred  and  sixty-two  papers  were  presented, 
many  of  which  were  read,  and  some  of  them  discussed  at 
length. 

The  sessions  of  the  Association  were  held  in  the  County 
Court  Houses,  and  in  the  Vestry  and  Church  of  the  Tabernacle 
Society.  At  about  10  o'clock  a.m.  on  Wednesday  the  members 
were  called  to  order  by  Dr.  B.  A.  Gould,  the  retiring  Presi- 
dent, who,  in  a  few  appropriate  words,  introduced  the  President 
elect.  Col.  J.  W.  Foster.  At  the  request  of  the  Standing 
Committee,  prayer  was  offered  by  Rev.  E.  S.  Atwood. 

The  chairman  of  the  Local  Committee,  Dr.  Henry  Wheat- 
land, then  introduced  the  Association  to  His  Honor  Mayor 
Cogswell,  of  Salem,  speaking  as  follows :  — 

(286) 
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Mr.  Mayor  : — Allow  me  to  introduce  to  you  the  President 
and  members  of  the  American  Association  for  the  Advance- 
ment of  Science. 

This  Association  dates  its  origin  to  1840,  when,  on  the  2d  of 
April  of  that  j^ear,  some  eighteen  gentlemen,  principally  con- 
nected with  the  several  State  Geological  Surveys  then  in  pro- 
gress, met  in  the  hall  of  the  Franklin  Institute,  Philadelphia, 
at  the  request  of  the  members  of  the  New  York  Survey,  and 
organized  an  association  under  the  name  of  ''  The  Association 
of  American  Geologists."  At  the  meeting  in  Boston,  in  1842, 
it  was  decided  to  enlarge  the  objects  so  as  to  embrace  the  collat- 
eral branches  of  natural  science,  the  name  being  changed  so  as 
to  read  "The  Association  of  American  Geologists  and  Natural- 
ists." At  the  meeting  in  1847,  the  objects  were  still  farther 
enlarged  so  as  to  include  all  departments  of  science.  A  new 
organization  was  effected  under  the  present  name.  Thus,  in 
the  spirit  of  this  enlarged  constitution,  the  Association  opened 
its  doors  wide  for  the  admission  of  students  in  every  department 
of  positive  science,  convinced  that  the  time  had  come  for  thus 
extending  its  operations.  This  Association  is  republican  in  its 
organization  and  migratory  in  its  visits ;  meetings  have  been 
held  in  various  cities  of  the  Union  annually,  except  during  the 
years  1861-65,  when  they  were  suspended  in  consequence  of 
the  great  crisis  through  which  the  country  has  recently  passed, 
the  meeting  for  1861  having  been  appointed  for  NashviUe. 

Twenty  ye^irs  since,  the  day  following  the  adjournment  of 
the  Cambridge  meeting,  the  Association  visited  Salem  in  the 
steamer  R.  B.  Forbes,  which  was  placed  at  its  disposal  by  the 
kindness  of  the  proprietors,  and  spent  several  hours  in  in- 
specting the  Museum,  the  rooms  of  the  Institute  and  other  ob- 
jects of  interest.  This  meeting  was  long  remembered  firom  its 
many  interesting  associations. 

It  is  always  pleasant  at  these  meetings  to  witness  the  assem- 
blage of  so  many  zealous  and  enthusiastic  workers  in  science, 
scattered  necessarily  over  a  large  extent  of  territory,  and  kept 
asunder  by  distance  and  the  claims  of  professional  duties ; 
laboring  amid  all  the  inconveniences  of  solitude,  and  isolated 
from  the  sympathy  and  counsel  of  those  engaged  in  the  same 
glorious  enterprise,  thus  coming  together,  becoming  acquainted 
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•with  each  other's  social  and  scientific  worth,  comparing  notes, 
and  contributing  largely  to  scientific  knowledge.  May  this 
meeting  leave  many  pleasant  associations,  and  be  long  remem- 
bered as  productive  of  good  results,  and  a  lasting  friendship 
between  all  the  members. 

Mayor  Cogswell  responded  in  the  following  terms :  — 

Mr.  President  Ain>  Gentlemeit  of  the  American  Associa- 
tion FOR  the  Advancement  of  Science:  — 

In  the  name  of  the  people  of  the  city  of  Salem  I  have 
the  honor  to  bid  you  a  hearty  and  most  cordial  welcome, 
and  to  express  to  you  our  hope  that  this  visit  may  be  so  pleas- 
ant and  instructive  that  you  may  be  induced  to  repeat  it  at  no 
distant  day.  I  am  charged  also  with  the  agreeable  duty  of 
tendering  to  you  the  hospitalities  of  the  city  and  the  courtesies 
of  her  citizens.  Coming  as  you  do  from  all  parts  of  the  Con- 
tinent, bringing  with  you  as  you  do  the  results  of  years  of 
scientific  study,  meeting  as  you  do  to  discuss  the  important 
questions  embraced  within  the  objects  of  your  Association,  we 
feel  that  your  presence  in  our  midst  is  an  honor  to  our  city,  and 
that  we  shall  be  benefited  by  your  coming.  We  hope  that 
along  our  shores  you  may  find  objects  of  interest  and  instruc- 
tion, and  that  the  great  study  of  nature  and  of  nature's  God 
in  which  you  are  engaged  may  be  promoted  thereby.  We  de- 
light somewhat  in  our  rocky  coast,  for  we  believe  it  has  borne 
hardy  sons.  We  shall  delight  to  show  you  everything  of  in- 
terest which  we  have,  while  from  you  we  shall  expect  much  of 
knowledge  and  information.  Here,  and  in  this  vicinity,  as  you 
know,  was  first  planted  that  deep-seated,  earnest,  anxious  sys- 
tem of  religion  which  developed  or  was  developed  by  the  Puri- 
tans, and  which  has  left  its  impress  wherever  the  son  of  the 
Puritan  has  trod.  Religious  as  our  fathers  were,  however, 
material  considerations  were  not  neglected,  and  the  port  of 
Salem  had  the  honor  of  first  opening  up  to  the  new  continent 
the  wealth  of  the  Indies  and  the  fruits  which  have  fiowed 
therefrom.  Some  of  this  trade  has  now  gone  out  from  us  to 
build  up  other  places,  but  the  city  of  Salem,  with  an  energy 
increasing  every  day,  is  now  devoting  herself  to  industrial 
pursuits  on  her  own  soil,  taking  her  place,  as  all  eastern  cities 
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must,  as  the  manufacturer  of  what  the  South  and  West  pro- 
duce. We  have  also  here  some  old  traditions,  I  believe,  of 
what  took  place  among  our  people  in  those  earlier  days,  of 
which  you  probably  may  have  heard.  The  accomplished  gen- 
tlemen in  charge  of  our  County  Court  records  will  be  pleased 
to  show  you,  if  you  will,  some  of  the  original  documents  relar 
ting  to  those  mysterious  times,  which  it  may  interest  you  to 
examine.  Whatever  would  have  befallen  a  convention  of  pro- 
gressive scientific  men  in  that  day  it  might  perhaps  be  hard  to 
tell ;  but  I  can  assure  you,  gentlemen,  that  this  day  your  con- 
vention will  be  safe  and  undisturbed.  It  is  not  for  me,  how- 
ever, to  speak  the  praises  of  Salem,  but  rather  to  extend  to 
you  again  its  welcome.  Welcome  to  our  midst ;  welcome  to 
the  duties  of  the  session ;  welcome  to  all  the  pleasure  and 
entertainment  and  kindness  in  our  power  to  grant  you !  From 
the  West  I  greet  you  as  the  representatives  of  a  mighty  power 
in  this  country,  in  whose  hands  almost  alone  remains  the  weal 
or  woe  of  the  still  great  problem  of  our  form  of  government ! 
From  the  South  I  greet  you  as  the  representatives  of  a  section 
which  it  is  my  prayer  may  soon  blossom  as  the  rose,  and  to 
whose  sunny  clime  and  fertile  soil  it  is  my  heartfelt  wish  may 
soon  return  a  wealth,  a  happiness,  and  a  peace  which  shall  last 
for  ever  and  ever.  From  the  North  and  East  I  welcome  you  as 
neighbors ;  and  from  the  realms  of  the  illustrious  Queen  I  bid 
you  welcome  to  the  vicinity  of  the  birth-place  and  the  home 
of  that  distinguished  citizen  whose  world-wide  benefaction 
your  Queen  has  delighted  to  honor  and  acknowledge. 

At  the  close  of  Mr.  Cogswell's  remarks.  President  Foster 
responded,  addressing  the  Mayor  and  the' Association,  in  the 
following  words :  — 

Mr.  Mayor  : — As  the  ofBcial  organ  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  I  express  to  you  my 
profound  thanks  for  the  cordial  welcome  extended  to  us  on 
this  occasion.  It  gives  us  pleasure  once  more  to  meet  within 
the  limits  of  this  ancient  Commonwealth,  illustrious  in  its  his- 
torical associations,  and  in  those  institutions  designed  for  the 
cultivation  of  the  intellect,  and  the  alleviation  of  the  ills  inci- 
dent to  our  common  humanity. 

It  is  proper,  too,  that  we  meet  within  the  limits  of  this  good 
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old  town  of  Salem ;  for,  yeafs  ago,  as  the  Mayor  has  informed 
you,  its  merchants,  when  they  sent  forth  their  ships  to  the 
East,  which  returned  freighted  with 

**  the  wealth  of  Ormus  and  of  Ind,'' 

were  wont  to  dedicate  whatever  was  rare  or  curious  to  the 
cause  of  science.  Tliis  was  the  origin  of  the  East  India  Mu- 
seum, the  first  institution  of  the  kind,  I  believe,  in  the  United 
States.  The  ^ssex  Institute  is  another  expression  of  the  zeal 
of  your  people  in  the  cultivation  of  those  arts  which  dignify 
and  adorn  life.  The  Feabody  Academy  of  Science  is  a  noble 
monument  to  the  comprehensive  beneficence  of  its  founder, 
and  one  among  the  many  of  those  benefactions  which  have 
made  his  name  illustrious  in  both  hemispheres. 

The  American  Association,  then,  take  pride  in  meeting  here. 
It  is  an  organization,  catholic  in  all  its  aims  and  objects.  In 
its  ranks  are  enrolled  men  representing  nearly  every  profession 
and  every  portion  of  the  Union.  We  here  meet  on  common 
ground — to  compare  views,  to  discuss  problems,  to  eliminate 
truth,  to  announce  results ;  and,  Mr.  Mayor,  when  we  shall 
have  closed  our  deliberations,  I  doubt  not  that  each  one  of  us 
will  carry  to  his  home  kindly  remembrances  of  the  courtesy 
and  hospitality  of  the  good  people  of  Salem. 

Gentlemen  of  the  American  Association  for  the  Ad- 
vancement OF  Science  : — I  desire  to  tender  to  you  my  pro- 
found thanks  for  this  manifestation  of  your  regard  in  calling 
me  to  preside  over  your  deliberations.  It  is  a  position  worthy 
of  all  aspiration.  But  the  possessor  must  approach  its  duties 
with  fear  and  distrust.  It  is  with  these  feelings  that  I  present 
myself  before  you  on  this  occasion,  but  I  trust  that  by  the 
exercise  of  a  spirit  of  strict  impartially  in  the  discharge  of  my 
duties,  I  shall  win  your  approbation  and  support. 

The  eighteenth  annual  session  of  this  Associatibn  com- 
mences under  favorable  auspices.  At  its  last  meeting  the  at- 
tendance was  never  greater ;  its  treasury  never  better  supplied ; 
and  the  memoirs,  in  number,  variety,  and  interest,  were  never 
surpassed.  There  was  a  spirit  of  harmony  and  good  fellow- 
ship among  ourselves,  and  of  zeal  and  devotion  to  the  cause 
of  science,  from  which  we  can  draw  the  happiest  auguries. 
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We  have  now  enrolled  in  onr  ranks  a  class  of  young  men 
who  are  better  educated,  and  have  had  far  greater  facilities  for 
investigation  than  were  enjoyed  by  us,  their  seniors,  at  their 
age,  and  to  them  we  may  safely  confide  the  interests  of  this 
Association  when  we  shall  have  rendered  up  our  trust.  What 
to  us,  at  their  time  of  life,  was  but  a  glimmering  of  light,  to 
them  is  meridian  splendor.  What  to  us  were  but  reasonable 
conjectures,  to  them  are  matured  results.  What  we  saw  as 
through  a  glass  darkly,  they  are  permitted  to  see  face  to  face. 
The  verge  to  which  we  have  attained,  after  long  toil,  is  to  them 
but  the  starting  point  for  new  explorations  into  the  domain  of 
nature.  The  future  historian  in  treating  of  these  times  will 
regard  this  as  an  age,  compared  with  past  ages,  when  the  hu- 
man mind  put  forth  its  most  \dgorous  manifestations,  not  only 
in  reference  to  pure  science,  but  also  in  reference  to  the  practi- 
cal arts  of  life.  This  has  been  accomplished  by  a  faithful 
study  of  the  laws  of  nature,  and  by  acquiring  a  mastery  over 
physical^  forces, — thus  showing  that  nature  is  not  like  the 
Delphic  Oracle  of  old  which  gave  forth  mysterious  utterances 
and  capable  of  two-fold  interpretation,  but  rather  like  a  benefi- 
cent deity,  ready  to  reward  each  votary  who,  with  all-rever- 
ent spirit  and  all-sentient  ear,  enters  her  sanctuary  knd  listens 
to  her  teachihgs. 

Many^  of  the  Natural  Sciences  have  developed  info  that 
beauty  and  harmony  which  now  characterize  them  within  the 
lifetime  of  many  of  us.  Yet  what  we  have  accomplished  is 
but  the  prelude  to  what  shall  be  accomplished.  The  Chairman 
of  the  Local  Committee  has  referred  to  the  origin  of  this  Asso- 
ciation, and  has  very  properly  told  you  that  that  origin  dates 
back  to  the  year  1840,  when  less  than  twenty  ardent  and  de- 
voted men,  for  the  most  part  engaged  in  the  State  Geological 
Surveys,  assembled  in  the  rooms  of  the  Franklin  Institute,  at 
Philadelphia,  and  there  oi;ganized  as  the  Association  of  Ameri- 
can Geologists.  He  has  traced  that  organization  until  it  has 
assumed  its  present  form.  I  take  pleasure  in  recurring  to  that 
early  history,  because  it  was  an  event  in  American  science. 
The  necessity  for  such  an  organization  was  apparent.  Geology 
at  that  time  had  hardly  assumed  the  shape  of  a  science.  For- 
mations of  the  same  age,  and  having  a  wide  geographical 
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range,  bore  different  local  names ;  and  the  entombed  organic 
remains,  which  have  proved  the  hieroglyphics  by  which  we  have 
been  enabled  to  interpret  the  physical  history  of  our  planet, 
were  then  but  little  known.  To  compare  views,  to  receive  and 
impart  instruction,  and  fix  upon  a  common  nomeiiclature,  was 
the  business  of  these  observers.  Each  one  brought  forward 
the  fruits  of  his  observation  to  contribute  to  the  general  fund, 
— as  of  old  among  the  Greeks,  when  a  hero  died,  each  warrior 
brought  forward  a  shield  full  of  earth,  and  cast  upon  his 
remains,  until  there  was  erected  a  mausoleum  which  rose  up  a 
conspicuous  landmark  against  the  sky  and  destined  to  endure 
for  all  time. 

The  modern  student  of  geology  may  smile  at  some  of  the 
speculations  contained  in  the  earlier  proceedings,  founded  on 
the  supposed  persistency  of  lithological* characters  in  the  sev- 
eral formations, — as  though  the  streams  the  world  over  were 
charged  with  the  same  sediments ;  as  though  the  ocean  fioor 
everywhere  contained  the  same  forms  of  organic  life ;  and  as 
though  volcanoes  were  simultaneously  excited  and  poured  forth 
the  same  igneous  products ;  but  to  their  honor  be  it  said  that 
that  little  band  of  men,  who,  imheralded  and  without  parade, 
thus  assembled  at  Philadelphia,  in  1840,  were  emphatically  the 
fathers  of  American  geology. 

Of  the  original  founders  time  has  more  than  decimated  their 
*  ranks.  Of  the  survivors  some  are  in  this  presence  and  will 
participate  in  these  proceedings.  But  I  must  not  speak  of  the 
living,  however  meritorious ;  my  reminiscences  are  of  the 
dead.  And  in  this  connection  I  would  recall  the  name  of 
Bailey,  who,  armed  with  the  microscope,  brought  out  results 
in  the  organic  world  almost  as  wonderful  as  those  of  Ehren- 
berg ;  of  Mather  and  Yanuxem,  and  Ducatel,  and  Locke,  who, 
to  patient  industry  united  keen  powers  of  observation,  and 
who  have  left  behind  enduring  memorials;  of  Henry  D. 
Rogers,  who  made  some  of  the  grandest  generalizations  in 
American  geology  and  whose  merits  were  recognized  in  both 
hemispheres ;  of  Houghton,  who  devised  an  admirable  system 
of  geological  survey  in  comiection  with  the  lineal  survey  of  the 
public  domain,  and  from  whom  I  parted  a  few  hours  before  he 
became  engulphed  in  the  remorseless  waves  of  Lake  Superior ; 
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of  Niccolet,  a  foreigner  by  birth,  impoverished  in  means,  and 
in  feeble  health,  who,  after  five  years'  toil  brought  ont  his  astro- 
nomical survey  of  the  valley  of  the  Upper  Mississippi ;  of  Red- 
field,  among  the  foremost  of  our  observers  in  meteorology ;  of 
A.  A.  Gould,  eminent  as  a  conchologist,  and  an  ardent  promoter 
of  all  science,  who  was  stricken  down  by  the  cholera  when  re- 
turning, after  the  war,  from  a  meeting  of  this  Association,  at 
which  he  helped  to  revive  its  drooping  fortunes ;  of  Johnson, 
whose  report  on  the  comparative  evaporative  power  of  our 
coals  may  yet  be  consulted  with  advantage ;  of  R.  C.  Taylor, 
whose  work  on  "The  Statistics  of  Coal"  contains  a  vast  range 
of  information  which  has  served  as  the  basis  of  our  subsequent 
investigation ;  of  Harjan,  who,  at  that  time,  was  our  only  com- 
parative anatomist ;  of  Morton,  among  the  most  brilliant  of 
our  scientific  men,  who  died  prematurely  for  his  ovm  fame,  pre- 
maturely for  the  cause  of  science ;  and  last  but  not  least,  of 
Hitchcock,  the  veteran  observer,  and  Silliman,  who  in  his 
Journal,  combined  and  crystallized  American  science.  Hitch- 
cock and  Silliman  went  down  to  the  grave  ripe  in  years  and 
crowned  with  honors ;  and  when  I  see  before  me  the  sons 
engaged  in  the  same  pursuits  which  the  fathers  illustrated  and 
adorned,  I  am  reminded  that 

"  E'en  in  their  ashes  live  their  wonted  flres." 

I  have  deemed  it  proper  on  this  occasion  to  pay  this  passing 
tribute  to  the  memory  of  these  early  cultivators  of  American 
science.  I  fear,  gentlemen,  that  I  have  detained  you  too 
long.  Again  thanking  you  for  your  courtesy,  I  close  with 
the  expression  of  the  hope  that  our  deliberations  may  be 
harmonious,  and  that  they  may  tend,  in  the  language  which 
we  have  incorporated  into  our  title,  to  "the  Advancement 
of  Science." 

At  the  close  of  the  address  the  Association  proceeded  to 
business,  and  elected  Mr.  F.  W.  Putnam,  Permanent  Secretaiy 
pro  tern,  in  the  absence,  in  Europe,  of  Prof.  Lovering.  Six  ad- 
ditional members  of  the  Standing  Committee  were  elected  by 
ballot,  according  to  the  requirement  of  Rule  4  of  the  Consti- 
tion.  The  names  of  those  chosen  are  printed  elsewhere  with 
the  names  of  the  other  members  of  that  committee. 
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Later  in  the  session  the  Association  voted  to  hold  its  next 
meeting  at  Troy,  N.  Y.,  beginning  on  Wednesday,  August  3, 
1870.    The  officers  elected  for  the  next  meeting  are :  — 

Prof.  William  Chauyenet,  of  St.  Louis,  President;  T.  S. 
Hunt,  Esq.,  of  Montreal,  Vice-President;  Prof.  C.  F.  Hartt, 
of  Ithaca,  General  Secretary;  Dr.  A.  L.  Elwtn,  of  Philadel- 
phia, Treasurer.  Prof.  Joseph  Loveeikg  was  elected  Permor 
nent  Secretary  for  another  term  of  two  years  commencing  with 
the  Troy  Meeting. 

On  the  afternoon  of  Wednesday,  August  18,  the  members  of 
the  Association  were  present,  by  invitation,  at  the  dedication 
of  the  Peabody  Academy  of  Science.  On  Friday  evening, 
August  20,  the  address  of  Dr.  B.  A.  Gould,  the  retiring  Presi- 
dent, was  given  in  the  Tabernacle  Church.  There  was  a  gen- 
eral session  at  Lyceum  Hall  on  Thursday  evening,  to  witness 
some  physiological  experiments  by  Dr.  J.  B.  Upham  and 
others. 

Many  of  the  members  in  attendance  upon  this  meeting  ac- 
cepted the  private  hospitality,  generously  offered  by  families 
in  the  city  of  Salem.  On  Saturday,  August  21,  by  invitation 
of  the  City  Council  of  Salem,  the  American  Association  for 
the  Advancement  of  Science  enjoyed  an  excursion  in  the  bay 
on  board  the  steamer  Escort,  which  was  gaily  decorated  for  the 
occasion.  The  boat,  with  a  company  of  between  four  and  five 
hundred  ladies  and  gentlemen  on  board,  proceeded  to  Minot's 
Light  and  afterwards  to  Fort  Warren.  Major  McConnell,  the 
officer  of  the  day,  received  the  excursionists,  who,  headed  by 
Mayors  Cogswell  of  Salem  and  Shurtleff  of  Boston,  entered 
the  fortress  gate,  marching  to  the  music  of  the  accompanying 
band.  After  spending  a  short  time  in  viewing  the  various 
objects  of  interest  in  and  about  the  fort,  they  reembarked  and 
proceeded  to  Nahant;  where  a  dinner,  provided  by  the  city 
authorities  of  Salem,  was  eaten  in  the  Maolis  Garden.  At 
four  o'clock  the  steamer  was  again  taken  and,  after  a  very 
pleasant  sail  along  the  Gloucester,  Manchester,  and  Beverly 
shores,  the  party  returned  to  Salem. 

On  different  evenings  of  the  session,  receptions  were  given 
by  W.  C.  Endicott,  Esq.,  Mrs.  Walcott,  Dr.  G.  B.  Loring,  and 
the  Salem  Board  of  Trade. 


294  BESOLUTioira  adopted. 

RESOLUTIONS  ADOPTED. 

Resolved,  That  a  committee  be  appointed  to  act  as  the 
correspondents  of  the  various  local  committees,  and  assist 
them  in  making  arrangements  with  the  different  railroads 
throughout  the  country  for  the  transportation  of  the  members 
of  the  Association  to  and  from  the  meeting. 

Resolved,  That  a  request  be  addressed  by  the  President  of 
the  Association  to  the  Secretary  of  State  of  the  United  States, 
asking  for  the  influence  of  the  State  Department,  with  the  civil 
authorities  of  Paraguay,  to  procure  the  restoration  of  the 
manuscripts  of  Mr.  Porter  C.  BUss,  relating  to  the  Indian 
languages  of  South  American,  of  which  he  was  deprived  by 
order  of  President  Lopez,  and  which  are  now  supposed  to  be 
in  his  custody. 

The  following  resolution  from  the  Subsection  of  Archaeology 
and  Ethnology  was  approved  by  the  Association. 

Resolved.  1.  As  the  sense  of  the  Subsection  of  Archaeology 
and  Ethnology  that  explorations  for  the  collection  of  remains 
of  Aboriginal  Art  are  essential  to  progress,  and  that  the  Sec- 
tion takes  this  method  and  occasion  to  express  their  interest  in, 
and  commendation  of,  the  proposed  expedition  of  Mr.  McNiel 
to  Nicaragua.  2.  That  a  copy  of  this  resolution  be  presented 
to  Mr.  McNiel. 

Resolutions  relating  to  an  International  Statistical  Con- 
gress. 

Whereas  This  Association  has  been  informed  that  a  sug- 
gestion has  been  made  on  the  part  of  some  of  the  foreign 
members  of  the  International  Statistical  Congress  in  favor  of 
holding  one  of  its  sessions  in  the  United  States :  — 

Resolved,  That  the  members  of  this  Association  hereby  ex- 
press their  cordial  approval  of  this  suggestion,  and  their  de- 
sire that  the  International  Statistical  Congress  may  decide  to 
make  the  United  States  its  place  of  meeting  at  an  early  day. 

Resolved,  That  an  attested  copy  of  these  resolutions  be  for 
warded  to  the  pi'esiding  officer  of  the  International  Statistical 
Congress,  soon  to  be  held  at  the  Hague,  in  the  Netherlands, 
and  to  the  delegate  representing  the  United  States  in  said 
Congress. 
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Resolution  in  regard  to  the  sale  of  Proceedings. 

Resolved^  That  the  proceeds  of  all  ftiture  sales  of  Proceed- 
ings of  the  Association  be  reserved  and  invested  by  the 
Treasurer,  to  form,  together  with  any  donations  for  the  pur- 
pose, the  nucleus  of  a  special  fhnd,  the  interest  of  which  may, 
at  some  ftiture  time,  be  devoted  to  scientific  researches  under 
the  direction  of  the  Association. 


VOTES    OF    THANKS. 

Resolved^  That  the  thanks  of  this  Association  be  tendered 
to  the  Commissioners  of  Essex  County  for  the  use  of  their 
admirably  arranged  rooms  in  the  Old  and  New  Court  Houses 
in  Salem. 

Resolved^  That  the  thanks  of  this  Association  are  due  to 
the  Local  Committee,  who,  by  their  assiduity  in  providing  for 
our  reception  and  accommodation,  have  rendered  this  session 
one  of  unusual  enjoyment  and  long  to  be  remembered. 

Resolved^  That  the  hearty  thanks  of  this  Association  be 
presented  to  the  citizens  of  Salem,  who  have  so  kindly  and 
hospitably  entertained  the  members,  during  the  present  Ses- 
sion. 

Resolved^  That  the  thanks  of  the  Association  are  especially 
due  to  the  Essex  Institute,  to  the  Trustees  of  the  Peabody 
Academy  of  Sciences,  and  to  the  Board  of  Trade  of  the  City 
of  Salem,  for  their  untiring  exertions  in  providing  for  the  ac- 
commodation of  the  meetings  of  the  Association  and  facilita- 
ing  the  transaction  of  its  business. 

Resolved^  That  the  thanks  of  the  Association  are  due,  and  are 
most  respectfully  offered,  to  the  ladies  of  Salem,  who  have  so  . 
kindly  and  hospitably  taken  charge  of  the  refreshment  tables, 
which  have  been  daily  spread  for  our  welfare. 

Resolved^  That  the  thanks  of  the  Association  be  tendered  to 
the  Proprietors  of  the  Tabernacle  Church,  for  the  use  of  their 
church  and  vestry  during  the  present  session. 

Resolved,  That  the  sincere  thanks  of  the  Association  are 
hereby  tendered  to  the  Athenasum  of  Salem,  to  the  Museum  of 
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Comparatiye  Anatomy  at  Cambridge,  to  the  Authorities  of 
Boston,  to  the  Massachusetts  Institute  of  Technology,  to  the 
Boston  Natural  History  Society,  to  the  American  Academy  of 
Arts  and  Sciences,  to  the  Massachusetts  Horticultural  Society, 
and  to  the  Boston  Music  Hall  Association,  for  courtesies  shown 
to  this  Association,  and  at  the  same  time  the  Association  begs 
to  express  its  regret  that,  by  reason  of  the  press  of  business, 
it  was  unable,  in  all  instances,  to  ayaU  itself  of  these  ooor- 
tesies. 

Resolved^  That  the  Association  acknowledges  its  obligation 
to  the  Directors  of  the  following  railroads,  and  especially  of 
the  Eastern  railroad,  for  their  liberality  in  granting  a  reduc- 
tion of  fare  to  the  members  attending  the  present  session. 

Eastern.  Virginia  and  Tennessee  Soath- 

Boston  and  Albany.  side. 

Boston  and  Providence.  Norfolk  and  Petersbarg. 

New  York,  Providence,  &  Boston.  South  Carolina. 

Boston  and  Maine.  Memphis  and  Charleston. 

Portland,  Saco  and  Portsmoath.  North  Eastern. 

Pitchbarg.  lUinois  Central. 

Vermont  and  Massachnsetts.  Great  Western. 

Vermont  Central  and  S  alii  van.  Wilmington  and  Manchester. 

Connecticut  and  Passumpsic.  Nashville  and  Chattanooga. 

Boston,  Lowell  and  Nashua.  Hartford  and  New  Haven. 

Portland  and  Kennebec.  Terre  Haute  and  Indianapolis. 

Richmond,    Fredericksburg  and  Marietta  and  Cincinnati. 

Potomac.  Indianapolis,  Cincinnati  &  Lafhy- 
Richmond  and  Petersburg.  ette. 

A  resolution  was  also  passed  expressing  thanks  to  the 
Horse  Railroad  Companies  of  Salem  for  courtesies  extended  to 
the  members  of  the  Association. 

A  resolution  was  also  passed  expressing  high  appreciation 
and  commendation  by  the  Association  of  the  Feabody  Acad- 
emy of  Science  in  Salem. 

Also  a  resolution,  giving  a  vote  of  thanks  to  the  Mayor  and 
City  Council  of  Salem,  for  the  Excursion  on  Saturday,  the  2l8t 
of  August. 
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REPORT    OP    THE  PERMANENT   SECRETARY. 

This  report  relates  to  those  transactions  of  business  which 
belong  to  the  interval  between  the  first  day  of  the  Chicago 
meeting  [August  5,  1868]  and  the  first  day  of  the  Salem  meet- 
ing [August  18,  1869]. 

During  my  absence  in  Europe,  the  details  of  my  office  have 
received  prompt  attention,  as  heretofore.  The  Chicago  vol- 
ume has  been  printed  under  the  direction  of  Mr.  F.  W.  Putnam, 
the  Director  of  the  Peabody  Academy  of  Science,  and  dis- 
tributed by  my  assistant,  Mr.  J.  W.  Harris.  Circulars  were 
sent  to  those  members  of  the  Association  who  were  indebted 
to  it  for  assessments,  and  the  collection  of  money,  in  response 
to  these  circulars,  has  been  considerable,  although  many  are 
still  largely  in  arrears. 
The  financial  condition  of  the  Association  is  as  follows : — 
Between  August  5,  1868,  and  August  18,  1869,  the  income 
of  the  Association  was  three  thousand  and  eleven  dollars  and 
thirty  cents  ($3  011.30). 

Of  this  amount,  one  hundred  and  eleven  dollars  accrued 
from  the  sale  of  the  printed  Proceedings,  and  the  remainder 
from  the  admission  fee  and  the  annual  assessments. 

The  expenses  of  the  Association,  during  the  same  interval, 
amounted  to  nineteen  hundred  and  fifty-one  dollars  and 
seventy-seven  cents  ($1951.77),  which  may  be  .apportioned 
thus:  — 

Cost  of  paper,  printing,  and  binding,  for  the 
volume  of  Chicago  I^oceedings,  and  expense 

of  its  distribution, $1 243.04 

Charges  connected  with  the  Chicago  meeting,         .       $144.35 
Salary  of   the  Permanent  Secretary,  five  hun- 
dred dollars, $500.00 

Circulars,  postage,  stationery,  express,     •        .        •       $64.38 

The  particular  items  may  be  found  in  the  cash  account  of 
the  Secretary,  which  is  herewith  submitted  as  a  part  of  his 
report.  The  balance  in  the  Treasury  of  the  Association  on 
August  18, 1869,  is  twelve  hundred  and  twenty-five  dollars  and 
nine  cents  (»1 225.09).  j^^^^^  Lov^bing, 

Permanent  Secretary. 
Salem,  August  18,  1869. 
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J.  W.  Harris's  bill  as  clerk, $60.85 

Stowell's  bill  for  copying,  2.00 

Janitor  at  Chicago, 1.50 

Postage  Stamps, 9.00 

Freight  to  the  Smithsonian  Institution,   ....  8.60 

Binding  Cash  Book, 1.00 

Printing  Circulars, 5.00 

Box  to  and  from  Chicago, 10.79 

Envelopes, 1.38 

F.  W.  Putnam,  for  postage, 12.21 

Guests'  bill  for  reporting, 5.00 

Adams'  bill  for  binding  Proceedings,  .        ...         .      84.78 

Postage  stamps, 16.00 

Carter,  for  paper  and  envelopes,  ....       3.00 

Ripley,  for  printing  circulars, 6.00 

Salary  of  the  Permanent  Secretary,  ....  500.00 
Paper  and  printing  for  the  Chicago  Proceedings,  .  1,153.21 
Box  of  Proceedings  to  Washington,  .  .  .  .1.45 
Attendance  at  the  Chicago  meeting,        .        .         .  75.00 

1,951.77 
Balance  to  next  account,  ....     1,225.09 


8,176.86 
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PERMANENT  SECKETAKY.  Cr. 

.Account  with  Joseph  LovEBixa. 

Balance  from  last  account,* $165.56 

ABsessmentfl  (from  No.  1  to  No.  451  of  Cash  Books) 

including  the  sale  of  Proceedings,       ...     3,011.30 


3,176.86 


*  Thia  was  erroneotuily  printed,  In  the  last  yolmne,  as  $150JM. 
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List  of  European  InstittUions  to  which  Copies  of  Volume  XVIL 
of  the  Proceedings  of  the  American  Association  were  distrib- 
uted by  the  Permanent  Secretary  in  1869. 

Stockholmy  —  Epngliga  Srenska  Vetenskaps  Akademien. 
Copenhagen,  —  Eongel.  danske  Yidensk.  Selskab. 
Moscow  J  —  Soci^t6  Imperiale  des  Naturalistes. 
St.  Petersburg,  —  Academic  Imp6riale  des  Sciences. 

'^  ^^  Kais.  Buss.  Mineralogische  Gesellschafb. 

"  "  Observatoire  Physique  Centrale  de  Russie. 

PuLkoway — Observatoire  Imperiale. 
Amsterdam,  —  Academie  Royale  des  Sciences. 

'^  Genootschap  Natura  Artis  Magistra. 

"  Zoological  Garden. 

Haarlem, — Hollandsche  Maatschappij  der  Wettenschappen. 
Leyden, — Mus6e  d'Histoire  Naturelle. 
Altenburg, — Naturforschende  Gesellschafb. 
Berlin, — K.  P.  Akademie  der  Wissenschafben. 

"         Gesellschafb  fiir  Erdkunde. 
Bonn, — Naturhist.  Verein  der  Preussisch.  Rheinlandes,  &c. 
Breslau, — K.  L.  C.  Akademie  der  Naturforscher. 
Dresden, — K.  L.  C.  Deutsche  Akademie  der  Naturforscher. 
Franckfurt, —  Senckenbergische  Naturforschende  Gesellschafb. 
Freiburg, — Koniglich-Sachsische  Bergakademie. 

Oottingen, — Konigl.  Gesellschafb  der  Wissenschafben. 

Hamburg, — Naturwissenschafblicher  Verein. 

Hannover, — Die  Naturhistorische  Gesellschafb.  [en. 

Leipsic, — Eoniglich  Sachsische  Gesellschafb  der  Wissenschafb- 

Munich, — K.  B.  Akademie  der  Wissenschafben. 

Prag, — K.  Bohm.  Gesellschafb  der  Wissenschafben. 

Stuttgart, — Verein  fiir  Vaterlandische  Naturkunde.  ■ 

Vienna, — K.  Akademie  der  Wissenschaften. 
'^  E.  E.  Geographischen  Gesellschafb. 

'^  Geologischen  Reichsanstalt. 

Wurttemburg, — Der  Verein  fiir  Vaterlandische  Naturkunde. 
Ba^l, — Naturforschende  Gesellschaft. 
Bern, — AUgemeine  Schweizerische  Gresellschafb. 
"        Naturforschende  Gresellschaft. 
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Cfenh)ey — Soci6te  de  Fhysiqne  et  d^Sistoire  Natarelle. 
Neuchatd^  — Soci6U  des  Sciences  Naturelles. 
BruxeUeSy — Acad6mie  Royale  des  Sciences,  &c. 
Cherbourg  J — Soci6t6  Acad^mique. 
Dijon f — Academic  des  Sciences,  &c. 

Liigej — Soci6t6  Boyale  des  Sciences.  [Arts. 

IdUey — Soci£t6  Nationale  des  Sciences,  de  TAgnciiltare,  et  des 
MontpeUierj — Academic  d^  Sciences  et  Lettres.* 
Paris  J — Institat  de  France. 
^^         Soci6t6  Philomatiqae. 
*'         Soci6t£  M^ttorologiqne  de  France. 
Turin  J — Accademia  Beale  delle  Scienzie. 
Madrid  J — Real  Academia  de  Ciencias. 
Cambridge^ — Cambridge  Philosophical  Society. 
Dubliny — Royal  Irish-Academy. 
Edinburghy — Royal  Society. 
Lon/don, — Board  of  Admiralty. 

^*  East  India  Company. 

.    ^^  Museum  of  Practical  Creole^. 

"  Royal  Society. 

^^         '  Royal  Astronomical  Society. 

"  Royal  Geographical  Society. 

Manchester  J — Literary  and  Philosophical  Society. 
Batavia, — Society  des  Arts  et  desSciences. 

•  Also  y  olnmes  XY .  and  XYL 
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Professor  John  Torrey,  from  the  committee  on  "Weights  and 
.  Measures,  reported  and  recommended  the  following  resolution, 
which  was  adopted : 

Resolved^  That  this  Association  cordially  approves  the  pro- 
posed adaptation  of  American  coinage  to  the  metric  system,  by 
making  the  value  of  the  dollar  precisely  that  of  one  and  a  half 
grains  of  fine  gold :  —  seeing  in  this  a  new  step  toward  the 
promotion  of  fraternity  among  nations,  by  the  unification  of 
weights,  measures,  and  coinage,  inasmuch  as  all  monetary 
units  which  have  simple  relations  to  the  grains  must  have  sim- 
.ple  relations  to  each  other. 

Prof.  L.  Agassiz,  from  the  committee  on  the  Jubilaeum  of 
Ehrenberg,  reported  that  the  duties  assigned  to  the  committee 
were  completed.  The  report  was  accepted  and  the  committee 
discharged. 

Dr.  B.  A.  Gould,  from  the  committee  on  the  star  Eta  Argus^ 
reported  that  the  duties  assigned  to  this  committee  were  com- 
pleted, and  the  committee  was  discharged. 


RSPOST   OK    THB   MICROSCOPES  AND  MICROSCOPICAL  APPARATUS,  EX- 
HIBITED AT   THB   MEBTINO    OF    THE    AMERICAN    ASSOCIATION   FOR 

THE  Advancement  of  Sciencb,  at  Salem,  Mass.,  August,  1869. 

The  local  committee  having  determined  to  provide  suitable 
rooms  for  an  exhibition  of  Microscopes  at  the  Salem  meeting 
of  the  American  Association  for  the  Advancement  of  Science, 
a  sub-committee  was  appointed  to  take  charge  of  the  exhibi- 
tion. The  committee  having  organized  by  the  choice  of  Mr. 
James  Kimball  for  chairman,  and  Mr.  Edwin  Bicknell  as  secre- 
tary, it  was  voted,  "That  the  secretary  prepare  a  suitable 
circular  to  be  sent  to  all  microscopists  and  others  interested 
in  the  use  of  the  microscope ;"  and  in  obedience  to  the  vote 
of  the  sub-committee,  the  following  circular  was  prepared. 
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A.  A.  A.  S. 


Special  Circular  to  Persons  Interested  in  the  Use  of  the  Mi- 
croscope.—  In  making  arrangements  for  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  to  be 
held  at  Salem,  commencing  at  10  A.  M.,  August  18th,  1869, 
the  Local  Committee,  in  order  to  give  encouragement  to  the 
general  and  increasing  interest  in  the  use  of  the  Microscope, 
have  decided  to  furnish  rooms  for  the  display  and  comparison 
of  Microscopes,  Objectives,  Accessory  Apparatus  of  all  kinds. 
Test  Objects,  and  Objects  of  Scientific  and  Popular  interest. 

It  is  intended  to  have  as  complete  a  collection  as  possible 
of  instruments  of  both  American  and  Foreign  Manufax^tnre. 
Those  who  are  possessed  of  Microscope  stands,  Objectives,  or 
Accessory  Apparatus  in  any  way  remarkable  for  excellence 
of  performance  or  design,  are  requested  to  bring  them  to  the 
meeting. 

The  objects  of  this  exhibition  will  b^  to  assist  the  progress 
of  scientific  research,  by  social  intercourse  and  a^full  compar- 
ison and  discussion  of  whatever  is  new  and  important  in  micro- 
scopical investigation,  and  to  encourage  the  manufacture  and 
use  of  this  valuable  instrument. 

Arrangements  have  been  made  to  give  ample  opportunity 
for  the  use  of  the  Microscopes  both  day  and  evening.  A  safe 
place  haa  been  secured  for  the  deposit  of  instruments  sent 
beforehand  to  the  care  of  Mr.  Bicknell,  or  brought  by  visitors 
who  do  not  wish  to  keep  them  in  their  own  possession. 

A  sub-committee  has  been  appointed  by  the  local  committee 
to  make  the  necessary  arrangements.  Farther  information 
relating  to  the  subject  can  be  had  by  addressing 

EDWIN  BIQKNELL, 

Sec'y  of  ikt  Sub^emmiUte^ 

Peabodt  Academy  of  Sciencb. 

SaleUi  May  29, 1869. 

This  circular  was  sent,  with  the  circular  of  the  local  commit- 
tee, to  the  members  of  the  Association,  and  to  all  others  inter- 
ested in  the  use  of  the  microscope,  as  far  as  we  were  able  to 
ascertain  their  addresses. 

The  distribution  of  this  circular  resulted  in  a  gathering  of 
twenty-five  or  more  microscopes  of  different  classes,  including 
four  quite  old,  and  interesting  on  that  account,  and  two  not 
quite  as  old,  the  rest  being  of  modem  construction.  Before 
giving  a  description  of  the  modem  microscopes,  I  shall  briefly 


REPORTS.  305 

describe  the  old  ones,  and  would  here  state  that  the  old  micro- 
scopes were  shown  in  comparison  with  the  modem  ones  in 
order  to  give  the  beholder  a  nearly  correct  idea  of  the  im- 
provements which  have  been  made  from  time  to  time  in  the 
construction  of  microscopes,  and  to  show  the  wonderM  pro- 
gress which  has  been  made,  particularly  in  objectives. 

The  oldest  microscope  is  after  the  pattern  described  in  1694, 
by  Hartsoeker,  a  Dutchman,  but  there  is  no  certainty  that 
this  one  was  made  by  him.  It  is  about  two  and  a  half  inches 
long,  and  is  held  up  to  the  eye  to  view  the  object,  and  has 
a  condensing  lens  in  the  end  opposite  the  eye.  The  object 
is  placed  between  the  eye  lens  and  the  condensing  lens,  by 
which  it  is  adapted  only  for  transparent  objects.  It  is  pro- 
vided with  six  eye-glasses. 

The  next  is  a  microscope  made  by  G.  F.  Brander,  in  Augs- 
burg, Grermany,  and  is  described  in  1769.  It  is  on  a  stand,  by 
which  it  can  be  used  either  vertically,  inclined,  or  in  a  horizon- 
tal position ;  it  can  be  used  as  a  simple  or  compound  micro- 
scope, and  with  transparent  or  opaque  objects.  It  has  eight 
object*glasses,  two  of  them  provided  with  Lieberkuhns,  and 
has  a  compound  body,  which,  being  removed,  converts  it  into  a 
simple  microscope,  similar  to  the  one  first  described.  It  has 
a  Ramsden's  eye-piec6  mounted  in  wood. 

The  above  mentioned  microscopes  belong  to  Dr.  William 
Wood  of  Portland,  Maine. 

The  next  is  a  Lieuwenhoek  microscope  made  by  G.  Adams 
of  London,  about  1750,  bought  by  D,  Van  der  Weyde,  A.  M., 
in  Amsterdam,  in  1763.  It  is  now  owned  by  P.  H.  Van  der 
Weyde  of  New  York.  In  this  microscope  there  are  six  eye- 
glasses set  in  a  revolving  plate,  so  that  each  eye-glass  can  be 
brought  in  succession  over  the  object,  thus  saving  the  trouble 
of  unscrewing. 

The  next  is  a  compound  microscope,  made  by  Charles  Lin- 
coln, 62  Leadenhall  street,  London,  in  1770,  and  is  owned  by 
Dr.  G.  A.  Perkins,  of  Salem.  This  is  vertical,  and  stands 
on  three  scrolls  and  has  eight  object  glasses  with  one  eye-piece 
of  the  Ramsden  pattern. 

This  concludes  the  notice  of  the  old  instruments. 

The  remaining  instruments  were  of  modern  construction. 

A.  A.  A.  S.  VOL.  XVin.  89 
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The  next  is  by  Clarke  of  London,  is  owned  by  the  Essex 
Institute,  Salem,  was  made  about  1830,  and  was  a  complete 
instrument  in  its  day. 

The  next  is  Andrew  Pritchard's  large  microscope,  made 
about  1840,  also  owned  by  the  Essex  Institute,  and  was  the 
best  of  its  period,  haying  a  fUU  set  of  objectives  and  acces- 
sories. 

Prof.  Edward  W.  Morley  of  the  Western  Reserve  College, 
exhibited  a  large  and  beautifid  stand  made  by  Thomas  Ross. 
This  has  three  eye-pieces,  a  Troughton  &  Sims'  cobweb  mi- 
crometer and  goniometer,  and  other  accessories. 

Dr.  D.  H.  Briggs  of  Norton,  Mass.,  exhibited  a  first  class 
Smith  &  Beck  binocular  with  a  complete  series  of  objectives 
and  accessory  apparatus. 

Benjamin  Webb,  Jr.,  of  Salem,  Mass.,  exhibited  a  first  class 
Smith  &  Beck  binocular  with  &  complete  outfit  of  objectives 
from  three  inch  to  one-fifteenth,  by  Smith  &  Beck,  Spencer, 
and  Wales ;  also  a  complete  set  of  accessory  apparatus. 

Prof.  J.  Baker  Edwards  of  Montreal,*  Canada,  exhibited  a  first 
class  binocular  made  by  Pillischer  of  London,  with  a  complete 
outfit  of  accessory  apparatus  and  objectives  by  Smith  &  Beck 
and  Andrew  Ross.  Prof.  Edwards  also  exhibited  a  Sorby  & 
Browning  micro-spectroscope. 

.  Dr.  R.  H.  Ward  of  Troy,  New  York,  exhibited  a  first  class 
binocular  by  Crouch  of  London,  with  "Collins'  graduating 
diaphragm,"  and  "  Crouch's  universal  parabolic  illuminator." 

Prof.  B.  Silliman  of  New  Haven,  exhibited  a  first  class  mi- 
croscope by  J.  Grunow  of  New  York,  with  goniometer  eye- 
piece and  objectives  by  Grunow,  Wales,  and  ToUes. 

Dr.  P.  H.  Van  der  Weyde  of  New  York  city,  exhibited  a 
microscope  made  by  Andrew  Ross,  which  had  a  very  ingenious 
arrangement  of  his  own  for  converting  it  into  an  inverted 
microscope  for  chemical  use. 

Mr.  Charles  Stodder  of  Boston,  Mass.,  exhibited  a  first  class 
microscope  made  by  the  Boston  Optical  Works,  which  Was  a 
very  fine  instrument.  It  had  a  very  thin  stage  which  revolved 
on  the  optical  centre  of  the  instrument,  making  it  very  usefhl 
for  certain  purposes. 

Mr.  Alpheus  Hyatt  of  Salem,  Mass.,  exhibited  a  first  class 
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microscope  made  by  Joseph  Zentmayer  of  Philadelphia.  With 
this  was  exhibited  a  Ml  assortment  of  accessory  apparatus  of 
Mr.  Zentmayer's  make. 

Mr.  Edwin  Bicknell  also  exhibited  a  first  class  microscope 
by  Zentmayer,  objectives  by  ToUes  and  Wales.  Tolles*  solid 
D,  and  E,  eye-pieces,  ToUes'  amplifier,  and  one-fourth  inch  ob- 
jective with  Tolles'  new  illuminator  for  opaque  objects. 

A  very  large,  and  in  its  time  complete  microscope,  made  by 
Chevalier  of  Paris,  was  exhibited  by  Mr.  Chamberlain  of  Bos- 
ton, Mass.  In  addition  to  the  objectives  tonished  by  Chev- 
alier, it  had  objectives  by  Andrew  Ross,  and  Andrew  Pritchard. 

Mr.  E.  Bicknell  exhibited  a  Zentmayer's  ''Army  Hospital 
Microscope."  This  is  admirably  adapted  to  the  use  of  the 
physician  and  student. 

Mr.  Charles  Stodder  exhibited  four  student's  microscopes 
from  the  Boston  Optical  Works,  the  stands  of  the  same  pat- 
tern, but  with  difiTerent  kinds  of  adjustment  for  focus,  and 
different  stage  arrangements.  Mr.  Stodder  also  exhibited  the 
new  "Clinical"  and  "Seaside"  microscope,  of  the  pattern 
recommended  by  Dr.  Cutter  of  Boston.  This  can  be  trans- 
formed into  a  fine  pocket  telescope  by  having  a  suitable  object- 
glass  adapted  to  it. 

Prof.  A.  M.  Edwards  of  New  York,  exhibited  a  student's 
microscope  made  by  F.  Miller  &  Brother  of  New  York.  This 
has  one  eye-piece  and  a  dividing  objective,  thus  giving  two 
powers,  and  is  furnished  at  a  low  cost. 

Mr.  F.  G.  Sanborn  of  Boston,  exhibited  a  Murray  &  Heath 
sea-side  microscope,  which  was  a  very  neat  instrument. 

Mr.  C.  G.  Bush  of  Boston,  exhibited  a  Smith  &  Peck  stu- 
dents microscope,  with  Smith  &  Beck's  and  ToUes'  objectives. 

Mr.  A.  H.  TutUe  of  Platteville,  Wisconsin,  exhibited  a  neat 
stand  for  a  "  dissecting  microscope,"  in  which  the  stand  and 
arm-rests  are  made  to  fold  into  a  very  small  compass. 

Several  immerson  objectives  were  exhibited,  including  a 
A»  tVi  hh^Y  Tolles,  two  Vff  by  Wales,  and  No.  10  and  No, 
12  by  Hartnack  of  Paris.  Mr.  Tolles  has  recently  constructed 
some  immersion  objectives  for  the  use  of  the  physician,  for  the 
examination  of  blood,  pua,  sputum,  urinary  deposits,  &c.  In 
these  objectives  the  substance  to  be  examined  is  placed  upon 
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the  front  lens  of  the  objectiye  and  covered  with  a  piece  of  thin 
glass,  which  is  kept  in  place  by  capillary  attraction.  The 
focus  is  obtained  by  the  use  of  the  "cover  adjostment."  This 
objective  applied  to  the  "  clinical  microscope/'  before  described, 
ift  a  very  useM  instrument  for  the  medical  practitioner. 

Mr.  ToUes  has  also  recently  made  severid  objectives  of  long 
focal  distance  on  the  immersion  principle,  which  are  admirably 
adapted  to  viewing  objects  in  aquaria,  or  for  dissecting  under 
water.  One  shown  by  Mr.  Bicknell  had  a  power  equal  to  an 
ordinary  objective  of  f  inch  focal  distance,  and  with  a  working 
•  distance  of  an  inch.  This  objective  showed  well  the  circula- 
tion of  cell  contents  in  the  Nitella. 

Two  objectives  made  by  Mr.  ToUes  of  ^  and  ^  inch  respect- 
ively, were  provided  with  his  "  illuminator  for  opaque  objects,*' 
which  is  a  glass  prism  set  in  the  mounting  of  the  objective 
between  the  front  and  middle  combinations,  so  that  the  light  is 
thrown  down  through  the  front  lens  upon  the  object,  and  so  far 
as  tested  they  have  worked  very  well  indeed,  showing  the 
object  without  glare  or  fog  and  with  plenty  of  illumination ;  the 
I  being  constructed  upon  the  immersion  principle,  could  be 
used  upon  a  covered  object  with,  perfect  results. 

Mr.  E.  Bicknell  exbihited  a  very  neat  apparatus  for  cutting 
sections  of  wood,  &c. ;  also  a  new  graduating  diaphragm,  both 
made  by  Mr.'  Zentmayer  of  Philadelphia. 

EDWIN  BICKNELL, 

Secretary  of  Sub-secHon  of  Mictoscopy. 
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Maine,  Metamorphic  Rooks  of,  179. 
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,  on  the  Sexes  of  the  Plants.  256. 

Meeting,  Salem,  Executiye  Proceedbigs 
of,  285. 
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BRBATUM. 

On  page  45,  line  15,  for  it  hat  be/ore  Jbeen  thown,  remd  U  follows  from  what  has 
b^ore  been  thown. 
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Whooping  cough — Continued. 

City  reports  for  week  ended — Continued.  !*«•• 

August  8,  1926 1830 

August  16,  1926 1 - _ 1892 

August  22,  1926 -_ 1966 

August  29, 1926 2002 

September  6, 1926 - .-  2062 

September  12, 1926 2140 

September  19, 1926 2191 

September  26,  1926 2233 

October  3, 1926 2303 

October  10,  1926 ,-,  2441 

October  17,  1926 _-  2491 

October  24,  1926 2536 

October  31,  1926 2581 

November?,  1926 - 2622 

November  14, 1926 2675 

November  21,  1926 2719 

November  28,  1926 _- _.  2844 

December  6,*  1926 - 2887 

Wild  rats — Disease  with  pathology  resembling  plague — Wayson 1976 

Wireless — Far  East — Health  news  messages  received  week  ended — 

June  6,  1926 1466 

June  13,  1926 - 1499 

June  20,  27,  1926 1582 

*   July  4,  1926 - ..- 1626 

July  11,  1926 -• .-. -  1669 

July  18,  26,  1926- - 1786 

August  1,  1925 - 1838 

August  8,  15,  1925 1963 

August  22,  1925 .-  200ft 

August  29,  September  6,  1926 2147 

September  12,  1925 - 2198 

September  19,  1925 2240 

September  26,  October  3, 1926 2448 

October  10,  1925 2542 

October  17,  1925 2688 

October  24,  1925 2629 

October  31,  1925 2682 

November  7,  1926 2726 

November  14,  1926 2851 

November  21,  1925 - 2894 

Wisconsin: 

(See  also  Summaries — Disease  cases  reported  monthly  by  States.) 

Current  State  morbidity  simimaries 1440, 

1442,  1487,  1531,  1667,  1611,  1666,  1698,  1771,  1822,  1886,  1950, 
1996,  2055,  2135,  2185,  2226,  2297,  2433,  2486,  2528,  2675,  2616, 
2669,  2711,  2838,  2881. 
Milwaukee — Smallpox — 

Special  rules  rescinded— __1 1559 

Vaccination  histories _ 1692 

Wooley,  Jerald  G. — Mercurial  preparation  in  treatment  of  leprosy — Re- 
port 1.     Mercurochrome  soluble  220- - 1796 

Wyoming: 

(See  also  Summaries — Disease  cases  reported  monthly  by  States.) 

Current  State  morbidity  summaries 1440, 

1442,  1488,  1668,  1612,  1666,  1771,  1822,  1887,  1950,  1996,  2066, 
2136,  2185,  2227,  2297,  2433,  2485,  2628,  2575,  2616,  2669,  2712, 
2838,  2882. 

Y 
Yellow  fever: 

Foreign  reports — 

Cumulative  table 1793,  1847,  1908,  1974,  2020,  2079,  2167,  2208, 

2261,  2320,  2469,  2609,  2666,  2699,  2644,  2694,  2739,  2866,  2908. 

Weekly  table: - 1716,1968,2636 

Liberia— 1  Monrovia 1966,  2148 
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